Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 






/ 






fL 



MEDICAL AND SURGICAL WORKS 



FI7BLISHED BY 

^j[/^AM AND CHARLES BLACK, NORTH BRIDGE, EDINBURGri 

AND LONGMAN, ORME, BROWN, GREEN, AND LONGMANS, LONDON. 




I. 

In 8vo, with Fifteen Engravings, price 24s. the Third Edition of - 
T'HE NERVOUS SYSTEM OF THE HUJMAN BODY, as explained in a 
Series of Papers, read before the Royal Society of London.- With an Appendix of Cases'and 
Consultations on Nervous Diseases. By Sir Cuarlbs Bjbll, K. G. H., F. R. S. L. &^E., J^ofessor of 
Surgery in the University cNf EdinbUr^h ; retired Member df the Council, and Professor of Anatomy 
and Surgery Royal College of Surgeons of London ; Fellow of the Royal College of Surgeons of Edin- 
burgh ; and late Senior Surgeon of the Middlesex Hoipital^c &c. &c. 

II. ?. 

In Post Octavo, price 2s. 6d. 

(OUTLINES OF THE COURSE OF ^^CTURES ON MEDICAL JU- 
^^ RISPItUDENCE, delivered in the University of Edinburgh. By Thomas Stbwart Traiu:., 
M. D., Regius Professor of Medical J uiisprudence in the University- or Edinburgh, &c. &«. A^. 

- IIJ. 
In a thidk volume &vo; iMTicalSs* 
XpLEMENTS OF ^THE PRACTICE OP PHYSIC, presenting a View of the 
^^ Present stale of SPECIAL PAimOLOGY and THERAPEUTICS. Volume L By David 
Craigir, M. D., F. R. S. G.,. Fellow of the Royal ^College of Physieians, Physician in Ordinary to 
the Royal Infirnsary, dec. Hua- ft^ 

*' A very valu9.Ue .compendium of the present J&nowledge possessed by. the profe88ion/'->J (Vinson's 
Journal. # ^ 

" We aie inclined to r^ard'Dr Crajgie's Elements as the best we at present possess."— iiondon Me- 
dical Gazette. , 

- - ■ IV. 

In small octavo, price 45. 6d. « 

npHE ANATOMISTS, INSTRUCTOR AND MUSEUM COMPANION, 

. being Praetiral Directions ~fbr the Formation and subsequent Management of Anatomical Mu* 
seums. E^ F. J. Knox, Surgeon, Consefvator of the Museum in Old Surgeons* HaU. 

'* We thmk t)iis a capital work in its way4^ We positively iutist upon surgeons and studeota buy* 
ing it directly,"— Med.. Chir. Revie^. 

'* An exceedingly, useful Ubok fc^ pathologhts, and those forming museums."— I^Kidon Med. and 
Surg. Jpiji^ial. 

<• We are very much pleased with this little work; it is written in a light easy style, conveying,, 
nevertheless, a great qnaotity of informatiod interesting to every Member of the Profession.** — Lond. 
Med. Gazette. « 

V. ' -. ' 

In one thick volume 8vi^ pp. 876, price IBs. the Third Edition, enlarged^ \>orrectcd, and improved, of 

A TREATISE ON POISONS,inrelationto MEDICAL JURISPRUDENCE, 

•*^ PHYSIOLOGY, and^the PRACTICE OF PHYSIC. By RobeiCt Curistison, M. D.. Profes- 
sor of Materia Medica in the University of Edinburgh ; Fellow of the Royal College of Physicians, 
and Royal Society of Edinburgh ; one of the Ordinary Physicians to the Royal Infirmary ; and Mem- 
ber of the Medico-Chittirgical and Royal ISfedical Societies of Edinburgh. &c. &c. d;c. 

" Beyond comparison the most valuable pc|ctical treatise on To^doolpgy extant."— London Medi- 
cal and Physical Journal. 

** Dr Christison's great work (m Poisons, by far the best on Medical Jurisprud^oe in our language." 
— Blackwood's Magazine. 

** One of the greatest additions that has been made to (he stores of Medical^ tod especially of Me- 
dico-legal literature." — Buchner's Repertorium. 

VI. 
. In 8vo, price 6s. * 

TREATISE ON* DISEASES OF THE RECTUM. By James. Syme, 
F. R. S. E., Professor of Clinical Surgery in the University of EdinburgR^ Ace. &c. &c. 

'^. VIL 

•'*'P'' In octavo, price Five Shillings, - " ' 
N EXPERIMENTAL INQUIRY on the Relative Physiological, and Medi- 

' cinal Properties of IODINE and its Compounds ; Being the Haiveian Prize Dissertation for 
1857. By Charles Cogswell, a. B. M. D., Member of the Royal Cbll^e of Surgeons, Extraor- 
dinary Member of th% Royal Medical Society of LOdinburgh, &c. &c. 

*' The most comprehensive monograph extant on the physiological and therapeutical effects of iodine 
and its compounds, containing as it does, not only a digest t>f all which had been previously ascertain- 
ed on these points, but much new and valuable infbrmktioc."— Edinburgh Medical Journal, CXXXIII. 

VIIL 

In 4to, price I2s., with fourteen highly finished Engravings, 

ELEMENTS OF ANATOMY, GENERAL, SPECIAL, AND COMPARA- 

XJ Tivp D»n..T.«sr>nA «»,^a_^M £)_^ forming the article under that head in the seventh edition 

>^ry details, the leading points of each division are placed . 
iough sufficiently oomprenensive) manner, the whole forming 
>asure and advantage, both by the non-professional man of 
icet. 




/O/yu 




i 



TREATISE 



ON 



GEOLOGY. 



PVa^H^ 



- I 



IMUMLI) liV NKli.L AM> LO. OLD FisH.MAllKET, 
SDINHUKUH. 



■a 





■'"OAL-s 




'» C^VE, STAFFA. 



A 



TREATISE 



ON 



GEOLOGY, 



rORMIVO THE ARTICLE TTNDER THAT HEAD IX 



THE SEVKVTH EDITION OF THE 



ENCYCLOPAEDIA BRITANNICA. 



BY 



JOHN PHILLIPS, F.R.S., G.S. 

PROFESSOR OP GEOLOGY IN KINOES COLLEGE, LONDON; 
AUTHOR OF ^ ILLUSTRATIONS OP THE GEOLOGY OP YOUKSHTRB/ 

A " GUIDE TO GEOIX)GY," &C. 



EDINBURGH : 

ADAM AND CHARLES BLACK, NORTH BRIDGE, 

BOOKSELLERS TO HIS MAJESTY FOR SCOTLAND. 



MDCCCXXXVII. 



d^. 




1923/ / 



/ 



PREFACE. 



My object in this Treatise has not been to collect 
together the enormous ma^s of observed facts which 
now constitute the wide foundation of geological 
truths, but to exemplify the most important of these 
truths by discussing the phenomena in a certain order, 
under the guidance of admitted general principles. 
These principles, with regard to the constitution of 
the globe, whether derived from other sciences or as- 
certained by geological inquiry, being established, 
the different systems of strata are reviewed in succes- 
sion, for the purpose of determining the physical 
conditions under which chemical and mechanical 
agencies were put in activity. After treating metho- 
dically of the Stratified and Superficial Deposits, and 
Volcanic Products, the state of Geological Theory is 
considered with reference to some great problems 
which must be solved before any general agreement 
can be expected among geologists. 
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PREFACE. 



In order to deliver in a small compass a clear ex- 
position of the leading views of modem Geology, 
supported by a sufficient basis of phenomena, it was 
requisite to retrench from the article every super- 
fluity, and particularly to reject all criticism of the 
vague and idle hypotheses which preceded a rational 
investigation of the History of the Earth. 

J. P. 



York, Ut May 1837. 
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GEOLOGY. 



OBJECTS OP GEOLOGICAL SCIENCE. 



r 



The reasoning employed in geology is, for the most part, 
analogical. Observation of the phenomena, which now take 
place in nature, gives us the characteristic effects of mo- 
dem agencies or causes ; comparison of these phenomena 
with those produced in ancient geological periods, deter- 
mines the agreement or disagreement in their respective 
causes ; the object of sound geology is to combine the 
whole series of observed phenomena and inferred causes or 
agencies into one general history of the successive condi- 
tions of ow: globe, and the changes which have hi^pened 
to it since the epoch when the present laws of organic and 
inorganic nature were appointed. We cannot assume that 
these laws have always been operating under the same cir- 
cumstances as now, but we are justified in admitting, as a 
basb of reasoning, that similar natural circumstances in past 
and present times were consequences of similar preceding 
agencies, and productive of similar subsequent effects. It 
is evident that, in proportion to our knowledge of the cha- 
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racteristic effects of modern agencies, separate and com-^ 
bined, will be the power of referring to their proximate 
causes the phenomena of ancient nature ; the more correct 
and complete this knowledge, the more exact and exten- 
sive b the basis of geological theory. The iniSuence of a 
right view of existing nature is also sensible in directing 
the researches of observers towards the most important and 
characteristic circumstances of the phenomena which are 
to be explained. 

The laws of nature are constant, but so adjusted to the 
material world that the effects tliey produce are proportion- 
ed to quantity and kind of matter, situation and direction 
of action, and other circumstances. A precise knowledge 
of the effects, and a correct view of all the agencies con- 
cerned, will lead us to the determination of the conditions 
under which the laws operated. In no other way than this* 
has any one of the problems of organic and inorganic Na- 
ture, as we now behold her, been solved ; no other process 
can possibly lead to real knowledge of the prior conditions 
of the globe. Geology can only pretend to the rank of 
science in proportion as it proceeds upon the principles of 
the Inductive Philosophy, and is aided by the advance of 
collateral inquiries. The history of a science is the de^ 
scription of its real progress ; but if geology could have no 
existence before the phenomena of chemistry, zoology, and 
mechanics were studied in relation to laws of nature, its an- 
cient history must be of small importance. Bom in our own 
days, — based on modem observations, — interpreted by mo- 
dem philosophy, — ^why should we seek rational geology in 
the monstrous systems of astronomy and cosmogony, which 
once satisfied Greece and Egypt ? why attempt the vain 
task of tracing the various errors of those writers of later 
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dsys, wkoy knowing nothing of chemical or vital kwB, and 
little of mechanical soienee, propo(Bed hypotheses instead oi 
collecting facts, and referred phenomena, which they had 
not correctly observed, to forces which they had never 
trvdy ascertained; resigned the beautiful monuments of 
ancient life, the fossil remains of animals and plants, to a 
{Mastic force of Nature, and attributed the regular and orders 
ly structure of our planet to a general destruction and ruin 
of an earlier sphere ? 

PROGRESS OF GEOLOGY. 

« 

Exactly in proportion to the progress of collateral science 
is the dawning of geological inquiry. The improvement 
of mechanical science efiected by Galileo and Newton^ 
opened, afier a long interval, the minds of Mitchell and 
Saussure to a perception of the effects of great convulsions 
in the crust of the globe ; the progress of chemical philo- 
Sophy awakened, amongst the mining schools of Sweden 
and Saxony, these zealous efforts to develope the history of 
the mineral constituents of the globe which led to the 
Wemerian system of Geognosy ; but it was reserved to 
modem days and more refined knowledge of natural his- 
tory, to establish sound general principles of investigation 
concerning organic remains, and to unfold the successions of 
living nature, which constitute the basis of the truths esta- 
blished by Smith and Cuvier. 

The very essence of geology, then, is such, that its conclu- 
sions can only be established in eonsequenceof the general 
progress of the natural sciences ; on the other hand, it 
makes no step without consolidating and enlarging our 
knowledge of existing nature ; and thus it is inseparably 
united with the general march of the human intellect, and 
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gupported by the sympathy of all those who look with won-^ 
der and curiosity on the visible works of God. 

Those who have taken a ndrrow view of this great and 
growing branch of human knowledge, who have satisfied 
themselves with collecting a few fossil shells, naming a few 
compound rocks, and constructing a few sections and maps, 
may possibly be startled at the mighty circle of perpetual 
research in which they are unconsciously engaged ; yet as, 
in every branch of natural science, the generalizations which 
are the object of inquiry can only be based on accurately 
ascertained facts, every one who is really employed in in- 
vestigating any of the phenomena of nature, must be hail- 
ed as a useful coadjutor to geology. The time is come 
when enough of general truth is known in geology to di-* 
rect the labours of observation into right and fertile chan- 
nels ; and those who are best acquainted with the actual 
state of the science, and most sensible of its many deside- 
rata, will be most likely to devise the best means of sup- 
plying them. This consideration should diminish the dis- 
trust which men of exact observation feel for the researches 
of theorists. Theory and useful observation must proceed 
or be retarded together ; a man who is not taught how to 
observe, and instructed what to observe, is just as likely to 
mislead by his descriptions of phenomena, as a theorist who 
leaves the true path of inductive philosophy, substitutes hy- 
pothesis for inference, and contends for the ideal specula- 
tion instead of working out the true law of nature. 

What is possible to he known. — All human knowledge 
is limited ; but who has reached the boundary in any 
direction ? Doubtless there are geological problems which 
can never be solved, many recondite laws which can 
nerer be d'sclosed by investigation of visible phenomena ; 
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but yet the progress of the human mind, or rather the 
cDmbination and mutual irradiation of ascertained truths, 
continually removes farther and fiuther the visible barrier 
<^ knowledge, and renders possible many problems once 
despaired of. 

The province oi direct geologiccd observation is limited to 
a small depth below the surface of the globe, and nothing but 
the progress of a higher science could give us any information 
as to the interior. But even those dark and unapproachable 
regions are not wholly hidden from the astronomer ; some 
material properties of the central regions of our planet are 
already revealed by refined mathematical interpretation of 
the phenomena of the universe ; and though we may never 
know whcU are the chemical qualities of the substances more 
than a few miles below the surface of the earth, — ^never be 
able, in ordmary language, to say what sort of matter com- 
poses the interior, yet vaaxkj of its most important proper- 
ties, as weight, density, temperature, may be at least par- 
tially ascertained, and their state of rest or motion, fluidity 
or solidity, made the subject of probable inference. 

Direct observation may fail to give us complete informa- 
tion concerning the many previous conditions of the sur- 
face of our planet, because it is not certain that monuments 
remain of all the changes whidi have occurred, and, if 
they do remain, it is not probable, or possible, that we can 
examine them all.; a minute and continuous history of the 
physical revolutions of the globe is therefore not to be at- 
tempted, at least for a long time to come ; but, just as from 
the incomplete history of the human race, principles are 
derived which shed a clearer light on the darkness of an- 
tiquity, determine the epochs of its changes, and discover 
more certainly the true relative condition of the existing 
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races of men,— 4k> the general rules of geology contribute 
continually to fill up the vY>id spaces in its monumental hb« 
tory, to determine the amount of physical dianges performed 
in particular geological periods, to ascertain the rate and pro- 
gress of such changes, and thus to characterize the present 
adpect of nature by reference to many previous ascertained 
conditions of it. 

General daia^'^^The most important of all. the data for 
geologioal tiieory are derived from other and very distinct 
branches of sdence. It is to astronomy and general physics 
that we are indebted for the establishment of some leading 
principles which must ever be observed in reasoning on the 
revolutions of the glob^ and in fact form the only general 
basts fer such reasoning. The singular prejudices which 
yet prevail, among good observers in geology, as to the real 
o]]jects and aims of the science, apply even to the facts fur- 
nished by astronomy for the guidance of geology ; and sure 
consequences legitimately drawn from considerations of the 
figure and density of our planet are of^en confbunded, by 
what are called practical men, with mere ^leculation ; and 
they imagine they give proof of exceeding wisdom when 
they reject en masse the independent conclusions of higher 
sdence, and the local and limited inferences from undoubted 
facts, as if these partial truths were mere hypotheses. No- 
thing is more common than to hear persons who have never 
qualified themselves to judge of the question, complaining 
of the prevailing tendency of geologists to indulge in theories; 
as if that most enormous and yet unattempted labour,-^the 
construction of a general theory of the earth, was a mere 
morning's amusement ; as if the combination of individual 
facts into limited generalizations, and the attempt at elidt- 
ing laws of phenomena, which in every other branch of natu- 
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ral 'science is hailed as the first proof of real progress made> 
should in geology alone be condemned as dangerous and 
delusive ; as if the search after general truths, which in 
every other science is known to be the real object, aim, 
and end of the inquiry, should be in geology alone the thing 
of all others to be deprecated. 

On the other hand, it seems no less necessary to ofier a 
short caution to those who, seeing the great accession of 
local truths and partial laws of phenomena which has of 
late so rapidly been added to geology, are anxious to antici- 
pate time, and think it more useful to construct a perishable 
hypothesis than to add to the durable fbundation of theory* 

Figure of the Earth. — The figure of the earth is known 
by direct measurement of arcs, and by experiments with the 
pendulum, to be a spheroid with its polar diameter about ^^^ 
hotter than the equatorial ; the former being 7899, 1 70 miles, 
the latter 7925,648 miles ; the difierence, commonly called 
ike compression, 26,478 (Herschel — Astronomy). This pe- 
culiar figure is a consequence of the centrifugal force of the 
superficial parts of the globe removed from the poles ; for 
thu diminishes the influence of gravitation, and permits the 
equatorial parts, where the velocity of rotation is greatestf 
to recede further firom the axis tlian any other parts, till 
the equilibriukn is obtained, and the curves over all parts of 
the globe correspond to a spheroid of revolution. The 
^rth, then, has acquired its present figure under-the joint 
influence of gravitation to its present centre, and rotation 
on its present axis ; but if the mass of the globe were sotid, 
this exact accommodation of dimensions could not take 
place ; we must therefore add a third condition, viz. that, 
in some way or other, its parts must be yielding and dis- 
placeable, fluid or loose. If the globe was formerly, or is 
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now fluid within, wholly or in great measure, the Bpherordal 
figure is a direct and necessary consequence, and this is 
the view generally adopted ; but it has been imagined that 
even a solid globe whose superficial parts were displaceable, 
might, in tlie eternal round of natural changes, be worn 
down by rains and waves from a perfect sphere to a sphe- 
roid of revolution. According to this supposition the for- 
mer state of the globe was very different from the present ; 
the rotating sphere must have become very elevated land 
at the poles, ancl totally drowned in water along an equa- 
torial band ; into this equatorial sea, from the north and t^e 
south, must have been poured the waste of the high polar 
lands so as to form strata thickest under the equator ; the 
slope should still be land : — ^but nothing of the kind appears. 
On the contrary, the distribution of land and water is ex- 
cessively irregular, the surfac.es of stratified rocks have no 
peculiar relation to the equator, the poles are in the midst 
nf wat^, and the equatorial regions include some of the high- 
est mountains on the globe. This hypothesis is therefore 
entirely gratuitous, and we must look to the interior of the 
earth for the displacement of substance which allowed it to 
a^ume a spheroidal figure. 

Here little difficulty presents itself; it cannot be doubted 
that, if the interior of the globe were fluid, a spheroidal ex- 
ternal figure must necessarily result from rotation on an 
axis, and the internal surfaces of equal density be also sphe- 
roidal ; and both these conditions be retained whether it 
continued fluid or not; if it continued wholly fluid, the 
figure might continually adapt itself to any change of form 
corresponding to a variation of the catio of central and 
tangential forces ; if it became wholly solid, the rocks would 
u)x>n such change of ratio be put in a state of strain ; if 



PROGRESS OF GEOLOGY. 9 

internally fluid and externally solid, the crust inight upon 
such change yield in various directions^ and produce local 
irregularity in the distribution of land and water : finally, 
if the solidification of the surface were to {M'oceed at a cer- 
tain rate, compared with that of the change of ratio of the 
forces governing the figure, the form once acquired might 
be almost invariably preserved. 

Of all the conditions stated above, which corresponds 
best to what is known concerning the earth ? That its in- 
ternal surfaces of equal density, are situated symmetrically 
with respect to the external spheroid is supposed to be true, 
in consequence of investigations concerning certain irregu- 
larities of the moon's motions, which depend on the figure 
and density of the earth. This would prove that the earth 
has been freely yielding within ; the irregularities of the pen- 
dulum experiments appear sufficient to justify a belief that 
the solidification of the surface has gone to some consider- 
able depth ; the irregular distribution of the land and water 
ajypears to indicate the co-existence of a solid crust and 
yielding interior, accompanied by a change of form. This 
irregularity of land and water is the effect of great con- 
vulsions of the crust of the globe belonging to many geo- 
logical periods, some of them subsequent to the existence 
of the present races of animals and plants. It is therefore 
very probable that the interior of the globe has formerly 
been wholly fluid ; and we are not entitled hastily to reject 
the supposition that it is partially so at this moment. 

Density of the Earth. — Taking water at a temperature 
of 60^ as the unit of comparison, we find the specific gra- 
vity of the superficial parts of the globe, as judged of by 
weighing the most prevalent rocks, to be about 2*5. 

By direct experiments, and comparison of the local at- 
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traction of mountains and insulated masses of matter with 
the general attraction of the globe, the mean density of 
our planet has been inferred to be about five times that of 
water. This result is found sufficiently in accordance 
with astronomical considerations to allow us to adopt it for 
geological reasoning. 

The interior parts of the globe must therefore be hea- 
vier than the exterior rocks. 

From the influence of the earth on the moon's motions, 
it is inferred that the internal mass of our planet augments 
in density towards the centre ; the surfaces of equal density 
being symmetrical with the external spheroidal surface. 
The materials of the earth have therefore collected round 
the centre in obedience to the laws of gravitation and ro«> 
tatory movement, Imd the internal substances, as having 
fallen to the lower place when freedom of motion was al-* 
lowed, would probably be heavier under the same circum- 
stances than the superficial substances. In their present 
situation, their weight is augmented by the efiects of the 
general pressure towards the centre ; if the laws of com- 
pression observed among metals, stone, fluids, and gases, 
at the surface of the earth, obtained in die inner parts o( 
the earth, without some counteracting cause, steel would 
be compressed into one-fourth, and stone into one-eighth 
of its bulk at the centre. Water, according to Leslie, would 
be as heavy as quicksilver at 362 miles depth, and idr as 
heavy as water at thirty-four miles. (Somerville — Connex* 
ion of Physical Science.) Now, though we cannot pre- 
sume that the law of compression would hold in these 
bodies to such an extent, enough is known to justify a con- 
fident belief that the mean density of our planet would be 
very much greater than it is, were not the tendency to 
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enormous condensation in tlie central masses counteracted 
by some powerful agent of expan^n, such as heat, or neu- 
traliied by some peculiar and unknown constitution of the 
subsunt^s themBelves. 

TEMPERATUBB OF THB OLOBB. 

It becomes, therefore, necessary to inquire into the sub- 
ject of the earth's tempeniturc. The superfidal heat of 
the earth's surface is subject to severd known, and proba- 
bly to' Other unknown, influences ; of the known causes of 
variation, the following are the most worthy of die no^ce 
of geologists : — 

ist, The influence of the sun. 

2d, The influence of the distribution of land and water, 
and the nature of the surface. 

3d, Elevation above the mean level of the sea. 

4th, The temperature of the circumambient space. 

5th, The temperature of the interior of the globe. 

1. The solar rays are the principal source of heat on the 
■orface of the globe ; the temperatures vary in relation to 
the amount of those rays ; the mean temperatures conse- 
quently decrease condnually fh>m the equator toward the 
poles, nearly in the simple proportion of the cosines' of lati- 
tude. (Mayer's formula of the square of the cosine appears 
very inaccurate both at the equator and toward the poles.) 
At every point of the earth's surface the temperature changes 
with the period of the year, nearly in proportion to the varia- 
tion of altitude and dutation of solar irradiation ; it changes 
also with day and night. No proposition is more cert^n 
than the fundamental dependence of the temperature of the 
eur&ce of the globe on the solar influence. 

It is, therefore, very important for geologists to inquire 
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whether this be variable or constant ; whether the amount 
of solar heat communicated to the earth is and has always 
been the same in every annual period, or what latitude the 
laws of the planetary movements permit in this respect. 

Sir John Herschel has examined this question in a satis- 
factory manner, in a paper read to the Geological Society 
of LfOndon. The total amount of solar radiation which de- 
termines the general climate of the earth, the year being of 
invariable length, is inversely proportional to the minor 
axis of the ellipse described by the earth about the sun, re- 
garded as slowly variable ; the major axis remaining con- 
stant, and the orbit being actually in a state of approach to 
a circle, and consequently. the minor axis being on the in- 
crease, it follows that the mean annual amount of solar ra- 
diation received by the whole earth must be actually on the 
decrease. , The limits of the variation in the eccentricity 
of the earth's orbit are not known ; it is therefore impossi- 
ble to say accurately what may have been, in former pe- 
riods of time, the amount of solar radiation ; it is, however, 
certain, that, if the ellipticity has ever been so great as that 
of the orbit of Mercury or Pallas, the temperature of the 
earth must have been sensibly higher than it is at present. 
But the difference of a few degrees of temperature thus oc- 
casioned, is of too small an order to be employed in ex- 
plaining the growth of tropical plants and corals in the po- 
lar and temperate zones, and other great phenomena of 
geology. 

2. Nature of the Surface. — The heating effect of the 
sun's rays varies with the nature of the surface on which 
they &11 : the colour, texture, capacity for heat, and other 
circumstances affecting the absorbent and reflective powers 
of the substances, influence, accordingly, the amount of 
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heat absorbed and retmned. The reflective surfaces of 
snow which cover so large a portion of the polar land, while 
they refiise admission to tlie solar heat, and contribute to 
warm the upper air, prevent also the dissipation of terres- 
trial warmth. Sandy and roeky tracts reverberate heat 
into the air ; grassy plains and cultivated fields freely ab- 
sorb heat by day, and freely radiate it by night. 

Though these circumstances are little sensible in regis- 
ters of annual, monthly, or diurnal temperature, they affect 
very seriously the growth of plants and animals, and cour 
stitute a very important character of local climate which 
ought to be more attended to. The large forests of equa- 
torial regions maintain, in their ample shade, a permanent 
coolness, &vourable to vegetation; in the temperate cli- 
mates of Europe, their destruction- has perhaps mitigated 
the periodica] severity of cold. But the most important of 
this class of phenomena is derived from the unequal distri- 
bution of land and water upon the globe. The climate of 
the ocean is very difierent from that of the land, less ex- 
treme in its variations with season, and limited within nar- 
row ranges over the whole watery surface. This is, in 
a great degree, owing to the movement of the particles of 
water upwards and downwards, according to the variation 
of temperature at the surface, and the movement of the 
tidal and other great oceanic currents. Thus the fluctua- 
tions of heat are not merely confined to the surface, but 
diflused through great depths and breadths of water, and 
the climates of remotest regions mixed and mutually miti- 
gated by the beneficent movements of the sea. 

On die land a similar, but less regular and continuouF, 
influence is performed by the winds, which, by appointed 
laws, change and fluctuate in their paths, and cause aUer- 
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nation rather than gradation of cHmate, a variable succes- 
sion of different and often extreme temperatures; so that the 
range of variation of heat is greater at any one point on the 
land than in the sea, and the difference of temperature in 
different latitudes is greater. 

The warmest band of the oceau is that running up the 
Atlantic ; the coldest points of the globe are in the north- 
ern part of the land of Asia and America. If, instead of 
so much land round a polar basin, we had broad equatorial 
continents and small polar isles, the temperature of the 
globe would have been more uniform than at present ; the 
excessive cold of the polar circles would be reduced ; some 
slight general augmentation of heat in the polar sea might 
be experienced, but not so great an addition of heat as to 
account for the phenomena of the growth of coral in the 
sea, and tree ferns on the islands. 

The distribution of land and water is a variable element 
of importance in the question of the former temperature oi. 
the surface of the globe, but its variations must not be imar 
gined equal to ca\ise a change of more than a few degrees- 

3. Elevation above the mean level of the sea, is another 
important circumstance affecting local climate, and the ge- 
neral amount of heat on the earth and in the air about it. 
The atmosphere surrounding the earth is not heated by the 
sun's rays passing through it; it freely transmits them. 
Clouds, and particles of all kinds in it, must arrest some 
heat as it radiates firom the sun or from the earth* but 
the main supply is derived from the earth by conduction. 
Near the earthy the temperature of the air seldom differs 
from that of the surface, whether that be land or sea ; and 
in all the higher regions, amidst the complications of aerial 
currents which rather alternate than mingle, we find the 
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temperatures decrease as the density of the air dimiiushes^ 
so that, at moderate heights, a diminution of 1° Fahrenheit 
corresponds to about 323 feet elevation* (Forbes.) 

This settled law of atmospheric heat reacts on the ele<^ 
vated land, and causes a reduction of the mean temperature 
of the higher staticms, exactly of the same nature, and as 
regularly calculable, as that depending on latitude* 

4. Temperature of the Planetary System.--*The tempe- 
rature of the space surrounding the earth cannot be hotter 
than the coldest point on the surface of the globe : for, since 
the globe is continually receiving heat 6rom the sun, and 
radiating it into space, the cooling process can only pro* 
ceed so far as to reduce the surface temperature to an equi« 
librium with that of surrounding space. 

The lowest temperature on tlie globe (Melville Island) 
being taken at 50^ cent, below zero, we may be sure that 
the ethereal spaces have not a higher temperature. In 
fact, Fourier and Swanberg agree in adopting this as the 
real temperature of the planetary spaces. The opinion, 
daily gaining strength, of the universal diffusion of an 
elastic ether, renders probable the conclusion that the im- 
mense regions in which the planets move have a definite 
temperature ; if the ether vary in density about different 
centres or systems, which is at least not improbable, the 
statical temperatures may vary also with situation ; but, as 
far as we have yet learned of the solar system, there is no 
reason to imagine the temperature is sensibly variable with 
time; not even if the planets are continually losing heat. 

5. Temperature of the Interior of the Globe. — ^Hitherto 
we have considered the globe as merely a recipient of heat 
from the sun, measured in quantity, and distributed in a 
{Nirticular manner. This heat is again partly dissipated 
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into the atmosphere and ethereal spaces, so that there is no 
superficial accumulation of heat derived from the sun : the 
climates on the earth appear to be constant, except by the 
interference of some of the variable circumstances previ- 
ously adverted to. 

But we must not bind our views to the surface; the 
state of the interior of our planet, in relation to the inten- 
sity, constancy, and circulation of the heat there, is of the 
greatest possible importance. 

There can scarcely be found a more striking example of 
the beneficial influence of geology on collateral science, 
than the impulse it has created toward the cultivation of 
^e curious and delicate inquiry into the theory of internal 
terrestrial temperature, both among mathematicians and ex- 
perimentalists. What a contrast is offered by the wild spe- 
culations of Burnet and others, concerning the constitution 
of the interior of the globe, and the profound conclusions 
of Fourier, which every succeeding experiment appears to 
render more certain. 

But for a geological necessity, so to speak, the beautiful 
mathematical researches of Fourier and the experiments of 
Humboldt, Cordier, and others, would never have been 
made ; and even philosophers might have been content, 
with the uninstructed vulgar, to have no thoughts on the 
matter of the earth's proper heat. There is a singular pre- 
judice on this subject, which is worth notice, as an exam- 
ple of the difficulties often attending the promulgation of 
novel truths. Some persons are startled at the very idea 
of the interior of the earth being hot ; as if it were some 
monstrous and insufferable doctrine ; as if it were some- 
thing utterly unreasonable that the centre of a planet should 
be asserted to have a temperatiure very different from that 
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of its surface* Much of the declamation against central 
heat, as it is incorrectly termed, has no better foundation. 
But how is it to be known whether the exterior of the 
earth may be yeryhot or very cold, or synthermal with the 
surface, except by mathematical and experimental investi- 
gation, especially directed to the question ? The problem 
certainly is difficult, but not impossible, and it is fraught 
with tlie highest interest. . 

It has been proved by Fourier's mathematical investiga- 
tions on the theory of heat^ that the temperature of the 
surface of our planet being, as we know it to be, wholly 
dependent on the solar radiation, the interior of the mass 
may have any temperature whatever, any extreme of heat or 
cold, without producing any sensible effect on the surface. 

The reason of this is very simple ; the conduction of heat, 
by the substances near the surface of the earth, is so ex- 
ceedingly slow, that ages might pass before there could be 
any sensible warmth communicated from even intensely 
hot masses placed at a moderate depth. 

It appears from the mathematical theory, and it is fully 
established by experiment, that the fluctuations of the 
solar heat are experienced only to a certain depth, below 
whidi the temperature of any one point is invariable ; this 
depth is not every where the same, but, as far as yet ap- 
pears, nowhere exceeds 100 feet. The temperature at this 
depth is constant, and generally corresponds, at least nearly, 
to the mean annual temperature of the surface. The tem- 
peratures below this depth can only be known by experi- 
ment. Before stating the results of these, it may be useful 
to advert to the simple reasoning which must be employed 
in drawing conclusions from them. If it be found that the 
temperatures below the zone of fluctuating heat continually 

B 
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diminish, it is evident that the interior parts of the earth 
are colder than the surface, and that there is no reason to 
imagine the earth to have any other source of heat than 
solar radiation ; but if the contrary be found true, the 
earth has a proper temperature, derived from internal 
sources. If the augmentation be merely a local phenome- 
non, local chemical action may perhaps explain it, but if 
it be a general fact, we must appeal to a corresponding 
general cause. 

Experiments on the temperature of the interior of the 
globe require great attention, and must be interpreted with 
caution. In mines, collieries, &c., the influence of lights, 
respiration, &e., is considerable ; in these, and almost all 
situations, chemical processes go on which must be con- 
sidered ; there are local sources of heat to be allowed for, 
as mineral waters, the augmented density of air, &c* Into 
the examination of these points it is not necessary to enter 
further. The reader must suppose that they have been 
attended to- by M. Cordier, M. Arago, and others, both in 
selecting experiments and drawing inferences. The fol- 
lowing examples include single and continued observations 
in different situations and under varied circumstances. 

1. Single experiment in the deepest colliery in Great 
Britain at Monkwearmouth^ near Sunderland, soon afler the 
sinking of the shall (Phil. Mag. 1834). Depth of the pit 
to the place of observation, 528 yards ; depth below the 
level of the sea, 500 yards ; mean annual temperature, 
47.6. Observed temperature of air at surface on the day 
of experiment (15th November 1834), 49°— of air at tlie 
bottom of the pit, 62°— near the forehead (or end of the 
drift), 64*^— close to the coal, 68°. Temperature of Water 
collected in the pit bottom, 67°— -of salt water issuing from 
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a bore hole made on the same morning, 70.1--of similar 
water as it first gu&hed out, 71*4 — of gas bubbles issuing 
through the water, ^2°,6, Temperature of the front of 
the coal, 68^ — of the interior, 71^*i* A thermometer left 
in a bore-hole for a week, indicated 71^.2. 

If invariable temperature be supposed to commence at 
1 00 feet, and the mean annual temperature of the place be 
taken at 47.6, then 72.6;— 47.6 = 25° in 1484 feet, or 1° 
F. in twenty yards English, nearly. The pit has since 
been sunk deeper, and the temperature is found to have 
risen still higher. 

2. Continued Experiments on Subterranean Springs. 
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3* Contimied Eocperiments in Rock. 
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4, Artesian Wells (by M. Arago). 



Paris* 

Mean temperature of the suiface, • 
Fontaine de la Garde St Ouen 

Dept. du Qarde et des Pas de Calais. 
Mean temperature of the surfoce, 
Fontaine Artesienne de Marquette, 
Fontaine Artesienne d*Aire. 
Fontaine Artesienne de St Venant, 

Sheemessy at the mouth of the Medway. 
Mean temperature of the surface, . 
M^ of the deep well. 
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Mean result of the six obseryations, 24^6 metres to Y* C. 
— — -^ --^ 13.66 metres to 1® F. 

^ ^ ^ ^ 45feettoPF.» 

Tlie results from artesian wells, the water being pure, are 
probably as much to be depended on as those from mines : 
it is remarkable that the two classes of results coincide, 
for Monsieur Cordier's previous conclusion from the latter 
phenomena is, that the temperature augments one degree 
of Fahrenheit in forty-five feet English. The ratio is, how- 
ever, certainly not uniform at different places, as might be 
anticipated from the unequal conducting pow«r of the rocks. 

It appears, then, fully ascertained, that, in situations far 
remoyed from volcanic action, in different kinds of rocks 
with very different chemical relations, water, air, and rocks 
continually grow wanner as we descend in the earth. With- 
out a single exception, the interior of the globe is warmer 
than the surface, and the heat augments constantly with the 



^ See Annuaire, and Jametona Journal^ 1825. 
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depth. Combining this result with the mathematical infe- 
rences of Fourier, and the generalizations concerning the 
state of the central parts of the globe, we shall find that it 
is not without reason the distinguished mathematician above 
named has favoured the hypothesis that the earth is a cool- 
ed globe, very hot within, and still cooling slowly ; so slow- 
ly, indeed, that the effects of the contraction due to this 
refrigeration have not been perceived by astronomers in the 
alteration of the length of the day, which must inevitably 
have occurred if the diameter of the globe had sensibly di* 
minished* For all short periods of time, that is, for a thou- 
sand or two thousand years, the globe may now be suppos- 
ed to be in a statical condition, both as to interior and su- 
perficial heat, magnitude, and figure. 

The hypothesis of a cooling globe, thus brought fairly 
under our notice, can only be, changed into theory by its 
accordance with geological phenomena of very ancient 
date, which can in no other way be so well explained. 

DEPTH OF THK OCEAN. 

A knowledge of the probable depth of the ocean is of 
importance in limiting the range of some speculations in 
geology. In questions concerning the relative areas of 
land and water, and the change of level of land and sea, it 
is desirable to have some notion of the quantity of water 
on the globe. Its area we know, but its mean depth is 
uncertain. Laplace and the astronomers appear to be sa- 
tisfied with believing that the depths of the sea balance 
the elevations of the land ; so that the extreme depths may 
not be very great, and the mean depth only a small num- 
ber of miles. If we were to suppose the depths of the sea 
proportioned to the heights of the land, in the ratio of the 
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fetspective aread, utid Bimilar inequalities of level t6 prevail, 
the greatest depths might be taken at about fifteen miles, 
and the mean depth would not exceed ftom one to five 
miles, according to the supposed form of the oceanic bed. 
From the investigations of Mr Whewell on the velocity 
of the tide-wave (Phil. Trans.), some exact knowledge on 
this subject is already gathering for geology. According 
to the supposition of Lagrange, this velocity is a function 
of the depth of the chakinel, without regard to other condi*- 
tions ; the velocity is in fact that which a heavy body would 
acquire by falling through half the depth. According to 
this view, the depth of the sea on the east coast of England 
is 1 20 feet, on that of Scotland 360 feet, of the Atlantic 
coast of Ireland 2600 feet, of the Atlantic (in its middle 
part) 50,000 feet, or above nine miles. These depths, 
judging from the soundings on the east coast of England, 
are good approximations ; and inspection of Mr WhewelFs 
maps of the cotidal lines seems to forbid our imagining the 
^sea to be any where for great breadths very much deeper 
than the Atlantic. 

On this subject Mrs Somerville observes,—" The sea 
has littie influence on the variation o*f the length of die 
arcs of the pendulum or on gravitation, neither does it 
much affect the lunar inequalities. The mean depth of the 
ocean is very small. There may be profound cavities in 
the bottom of the sea, but its mean depth probably does 
not much exceed the mean height of the continents and 
islands above its level." — (Connexion ofPh^s. Science,) 

EXTENT OF THE ATMOSPHERE. 

The quantity of gaseous matter floating above the earth 
is known by direct weighing with the barometer ; analysis 
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resolves this airy ocean into its constituent elements, and 
shews us the proportions of oxygen and nitrogen, which, 
with carbonic acid, aqueous vapour, and other variable ad- 
mixtures, make up the whole mass. Is the quantity of the 
atmosphere constant ? its composition invariable ? or what 
are the sources and limits of variation ? In the present 
state of meteorology these questions admit of no satisfactory 
answer. It is true that, within the short period of baro- 
metric measurement, no phenomena have given reasoa to 
suppose any alteration of atmospheric pressure, and that, in- 
every case of well conducted analysis, the atmosphere has 
every "where and always been found similarly constituted. 
But when we know by how many operations the air is de- 
composed, fixed, and released in chemical and vital combi- 
nations, how much gaseous matter is daily poured from the 
earth into the air, it is clearly beyond our power to affirm 
that the quantity and quality of the air may not be now un- 
dergoing a slow and determinate change. If study of the 
planetary bodies of our system appears to shew that atmo- 
spheres are not necessary accompaniments of such bodies, 
how can we feel confident that our own atmosphere must 
ever retain one peculiar quality and quantity ? It is evi- 
dently possible that the sources of variation which are daily 
in action may not exactly reciprocate their influence, or if 
they do now (which no one can affirm), who shall prove to 
us that they have always done so ? or rather, who that con- 
siders the composition of the most abundant rocks in the 
. crust of the globe, and remarks the immense quantity of 
oxygen contained in them all, even to the half of their 
weight, can avoid imagining the liberation of that gas, and 
a corresponding ehlargement and chemical change of the 
atmosphere ? We cannot, however, philosophically assume 
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that the atmosphere is changeable in quantity or quality, 
except in virtue of well founded inferences from pheno- 
mena pointing specially to such a supposition. A case sup- 
posed to be of this description will hereafter come under 
discussion. 

If the dimensions of the earth or the mean temperat\ire 
of its surface have been changed/ the quantity and quality 
of the atmosphere might remain the same, and yet its vital 
effects would be greatly altered. 

GEOLOGICAL DATA. 

Materials of the Globe, — The solid substances compos- 
ing the external parts of the globe^ with which alone we can 
become acquainted by specific observation, may be con- 
sidered in several points of view, according to the object 
of the reasoning ; but for the fundamental researches of 
geology, they may be all subjected to the following process 
or formula. 

Rocks, or very considerable component masses of the 
^lobe, are coibposed of particular mineral substaneesy which 
are resolved by chemical analysis into their proximate con- 
stituent parts^ these being further resolvable, in many in- 
stances, into elementary or undecomposahle molecules. 

Some rocks are simple, that is, composed of one kind of 
mineral substance, as limestone ; others compound, or form- 
ed of two or more kinds of minerals, as granite ; some rocks, 
apparently simple, as certain kinds of slate, sandstone, &c. 
are really composed of several minerals, minutely and equal- 
ly mixed. In this respect the nomenclature of geology 
(and mineralogy in a less degree) is not always accurate. 
As examples of the processes whereby werecord these dif- 

c 
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ferent characters, we may place in the same table granite 
and limestone* 



Names of the 
Rock. 



Granite* 



Limestone. 



Names of the 
Minersl In- 
gredients. 



Quartz. 
Felspar. 



Mica. 



Limestone. 



Their Pioxfanate 
Constituent Parts. 



Silica. 

SUica. 

Alumina. 

Potash. 

Lime. 

Oxide of Iron. 

SUica. 

Alumina. 

Magnesia. 

Oxide of Iron. 

Potash. 

liime. 

Carbonic Acid. 



The Elementary Constltu- 
eots. 



Silicium -f* oxygen. 
Silicium + oxygen. 
Aluminum + oxygen. 
Potassium + oxygen. 
Calcium + oxygen. 
Iron + oxygen. 
Silicium + oxygen. 
Aluminum + oxygen. 
Magnesium +oxygen« 
Iron + oxygen. 
Potassium + oxygen. 
Calcium + oxygen. 
Carbon + oxygen. 



It is found that nearly all the solid, liquid, and gaseous 
substances which occur in or upon the globe in a natural 
state are compound ; particular metals occur pure in na- 
ture, other substances^ e^)ecially g^aseous matter, are ren<« 
dered so for a short time by vital and chemical operations ; 

♦ 

but it is a fact that about half the ponderable matter of those 
parts of the globe which we are acqumnted with by exact 
observation, is composed of oxygen. 

In the present temperature and pressure of the atmo- 
sphere, oxygen can only exist separately as an expanded 
gas, about ^^^th part of the weight of water ; but in the 
solids and liquids of the crust of the globe it is condensed 
to an astonishing degree. In water, it is joined with the 
light gas hydrogen, condensed 2000 times, and in the same 
or a greater proportion in the oxides of metals. 

The consideration of the laws regulating the combina- 
tion of the elementary and proximate constituents belongs 
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to Chemistry ; the study of the inorganic compounds thus 
formed constitutes Minrbalooy ; the history ai the great 
masses of mineral substances which enter into the ^rust of 
the globe constitutes the principal or fundamental part of 
Geology, which, howerer, cannot be completely investi- 
gatod without including many general considerations aris- 
ing irom the former branches of knowledge. 

There are fifly«four substances known to chemists which 
have never been proved to be compound, and are, therefore^ 
provisionally ranked as elementary sorts of matter. • Of 
these, five, when they occur .in a separate state (in the or*' 
dinary temperature and pressure), are in the state of gaSy 
viz. hydrogen, oxygen, nitrogen or azote, chlorine, fluorine* 
Five are volatile non-metallic bodies, viz. bromine (fluid)^ 
iodine, sulphur, phosphorus, selenium. Two are fixed (or 
incapable of being volatized) non-metallic bodies^ viz. car- 
bon, boron. The remaining substances are metallic or metal- 
loidal. Seven of them are earthy metals or metalloids, which, 
by combination with oxygen, yield the earths, viz. silicium, 
aluminum, magnesium, yttrium, glucinum, zirconium, tho- 
rium. Six are alkaline metals, yielding alkalies with oxy« 
gen, viz. potassium, sodium, lithium, calcium, barium, 
strontium. Fifteen are metals which retain oxygen at high 
temperatures, viz. lead, tellurium, copper, bismuth, Uta- 
nium, cobalt, cerium, uranium, antimony, columbium, tung- 
sten, chromium, vanadium, molybdenum, arsenic Nine are 
metals which part with oxygen at high temperatures, viz. 
mercury, silver, gold, platinum, palladium, rhodium, iridium, 
osmium, nickel. Five absorb and retain oxygen at high 
.temperatures, and decompose water at a red heat, viz. tin, 
iron, zinc, cadmium, manganese. 

Mast abundant substances. — The most abundant (and 
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on that account the most important to the geologist) of the 
elementary substances enumerated are oxygen, hydrogen, 
chlorine, sulphur, phosphorus, carbon, silicium, potassium, 
sodium, calcium, magnesium, aluminum, iron, manganese. 

Most abundant minerals. — The minerals formed by the 
combination of the several ingredients among one another 
are doubtless very numerous ; already several hundred spe- 
cies have been recognised, but of these many are exceed- 
ingly rare, and others occur only in particular situations, so 
that the principal rocks of the globe are formed of only a 
small number of mineral substances. The geologist is not 
absolutely required, except for particular trains of reasoning, 
to be an accomplished mineralogist ; but it seems unwise 
to countenance the neglect of mineralogy, which appears to 
have become not unusual among those who have been fore- 
most to cultivate the zoological principles of geology. We 
must not grant to the lovers of organic remains that a per- 
son may be too good a mineralogist to be a good geologist.^ 

It will be scarcely possible to make any useful progress, 
in examining or describing rocks, unless the student is able 
to recognise and distinguish the following minerals.^ 

Quartz, Green earth. 

Felspar, Talc^ 

Mica, Steatite, 

Hornblende, Garnet, 

Actynolite, Carbonate of lime, 

Augite, Carbonate of magnesia, 

Hypersthene, Sulphate of lime, 

^ See on this subject Whewell^s Report on Mmeralogy to the BritUh 
AsaocitUioHy 1832. 

* See Jameson*! Mineralogy, MacCunoch on Rocke, PhiUips' Guide 
fo Geoloffy, jfc. 
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Chloride of sodium. 


Schorly 


Bitumen, 


Chiastolite, 


Iron, oxide of, 


Chlorite, 


•«. sulphuretof. 
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Supposing that at least some knowledge has been acquir- 
ed ofthese substances, the student of geology may quickly 
obtain the power of recognising and discriminating the fol- 
lowing simple and compound earthy masses (commonly 
called rocks), which are selected as being of frequent oc- 
currence in the crust of the globe. 

Limestone, including crys- Shale, 

tallized, compact, chalky, Slate, 

volatile, earthy, &c* calca- Chert, 

reous rocks, Flint, 

Sandstone, ' Coal, 

Clay, Ironstone, 

Granite, Felspw rock, \ ^ 

Sienite, Claystane, I ^^ 

Melaphyre, * Hornstone, f , « . i , 

^ „. - I amygdaloidal. 

Greenstone, Pitchstone, / 

Wacke, Gneiss, 

Basalt, Mica schist, 

Hypersthene rock, Chlorite schist, 

Diallage rock, Quartz*rock, 

Serpentine, Hornblende schist. 

Construction of the Crust of the Globe, — It cannot with 
truth be said that the arrangement of materials in the crust 
of the globe has ever been entirely unknown, because the 
operations of mining, however ignorantly begun and con- 
ducted, must infallibly have led to correct, though very 
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limited, information concerning it. No considerable min- 
ing region in the civilized world has ever been visited by 
geologists where the structure of the metalliferous moun-^ 
tains has not long been partiaDy known. What geologist 
has been able to add to the knowledge of this kind possess- 
ed by the old miners of Aldstone Moor ? In what coal dis- 
trict have the workmen been found wholly ignorant of the 
succession of the sandstones, shales, and coal in which their 
operations are conducted ? 

The great step made by modem geology has been, to 

* 

unite this scattered information into general truths ; and 
it appears unnecessary to go farther back than to Werner 
for the proposal of correct views on this subject In Ger- 
many ; to Saussure in Switiserland ; and Smith in England. 

In the latter country, it is true that Mitchell had made 
some correct researches, more general than could be ex- 
pected at the period, and Whitehurst shewed himself pos- 
sessed of enlarged views ; but it is undoubtedly to Werner 
and Smith that the modem system of geology, founded on 
correct observations of the arrangement of rocks, owes its 
rapid advances. 

The essential principles admitted by both these eminent 
men are very simple ; they affirm that the materials in the 
crust o£ the globe are generally stratified, and that the 
strata succeed one another in a particular order or series. 
This is nothing more than asserting generally what is in 
very many instances found to be tme locally by the expe- 
rience of miners, colliers, well-sinkers, quarrymen, and 

others. 

For the purpose of shewing more clearly the state of 
knowledge on this fundamental point, we shall suppose five 
independent observers engaged in inquiring into it, with 
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all the aids of local knowledge furnisheci by mines, coUieries, 
and other excavations made by men, and abundance of 
clifis, ravines, and mountun slopes where nature displays her 
works. One of them may be situated in the vicinity of 
London, another in Oxfordshire, another in Yorkshire, a 
fourth in the region of the English lakes ; a fifth in the 
Highlands of Scotland. 

Neglecting the variable and irregular covering of soil, 
gravel, sediment from rivers, &c. ; the deep wells, and other 
excavations in the neighbourhood of London, will prove^ to 
the first observer that similar materials lie below the sur- 
face f6r a considerable breadth of country, that they are 
stratified or collected into masses which have a very great 
horizontal extension, and small comparative thickness ; that, 
taken on a great scale, the series of beds is reducible to 
three leading terms, thus :-— 

Great day of London and the vicinity at the top. 
Series of sands and days of different kinds in the mid* 

die. 
Chalk at the bottom. 

The Oicfordshire observer in the same manner finds 
that the rocks of 'Uie county are all stratified, or widely ex- 
tended in nearly horizontal masses, and laid one upon an- 
other, so that the following is a general type of the series, 
including some parts of Warwickshire : 

Chalk at the topw 

Clay and sands. 

Oolitic limestones, clays, and sands. 

Bkte clays, blue limestones, &c. 

Red ckys, and red sandstones at the bottom. 
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The Yorkshire observer finds the rocks stratified, of 
definite thickness, and lying in the following order : 

Chalk at the top. 

Clays. 

Oolitic limestones, &c. 

Blue clays and limestones. 

Ked clays and red sandstones* 

Magnesian limestone. 

Coal with sandstones and shales. 

Limestone, &c. 

Argillaceous slate rocks at the bottom. 

In the district' of the lakes, the stratification of some 
rocks is certain, of others obscure, and some are not strati- 
fied. The series of the stratified rocks, ascertidned with 
great difficulty, is thus recorded: 

Red clay and sandstone. Slate rocks. 

' Coal, &c. Red argillaceous rocks. 

Limestone, &c. Slate-rocks. 

Slate-rocks. Gneiss and mica schist. 
. Limestone. 

' Below all these is granite, which does not appear to be 
stratified. 

Finally, the observer in the Highlands finds it often dif- 
ficult to say whether the rocks are wholly, partially, or not 
at all stratified. After infinite labour, he decides that some 
are, and others not. The series of predominant stratified 
rocks is, 

Red conglomerate and sandstone, 
Argillaceous slate. 
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Chlorite schist, &c. 
Mica schist, &c* 
Gneiss, &c. 

And under these is granite, which nowhere i^pears to 
be really stratified. 

Thus we have two classes of rocks, stratified and unstra- 
tified, which will require distinct examination. 

STRATIFIED ROCES. 

In each of the localities specified, the series of strata 
is found to be constant, not that every particular stratum 
is everywhere observed ; but the order in which they 9ue» 
eeed one another tofien present together, is never reversed* 
This is consistent with all experience. 

It is found by actual observation, that the chalk, which is 
the lowest mass of strata noticed in the vicinity of London, is 
continuous with, and forms a part of, that chalk which is at 
the top of the Oxfordshire series. It is also found that 
this same chalk is actually traceable, with little interruption, 
in a very clear and satisfactory manner, firom Oxfordshire 
into Yorkshire, where also it forms the top of the section ; 
that the oolitic rocks, the blue clays and limestones, the 
red clays and red sandstones are in the same way continued 
firom Oxfordshire to Yorkshire. The same stratified rocks 
then occur in very distant situations in the same order of 
succession, having certain rocks above them. If, now, we 
compare the Yorkshire and Cumbrian, and afterwiurds the 
Cumbrian and Scottish series of rocks, we shall find several 
common terms in similar parts of the series, and thus be 
able to unite all the five sets of observations into one gene* 
ral view. 

The continuity of the strata near the sur&ce of the 
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earth, and the constancy of their order of succession being 
tlius shewn to be capable of exact proof, we may suppose 
not five but many thousand points and lines in the surface 
of the British islands to have undergone a scrupulous exa- 
mination, with a view first to test the laws, and afterwards 
to exemplify their application. In consequence, they are 
unequivocally established, and the following is a general 
arrangement of the groups of strata, discovered in the Bri- 
tish islands, proceeding from the surface downwards. It is 
supposed that all the alluvial and detrital covering of the 
sur&ce is removed. 

Table of British Stratified Rocks. 




Crag, 



Freth - water ) 
group, . j 



London olaj. 



•{ 



TXETIART StEATA. 



16 



33 



{ 

1 



Chalk, 



200 ( 
600 ( 



Upper or red crag. 
Lower or coralline ) 
crag. . . J 

Upper freeh-water ) 

beds, . • j 

flstuarjr marls, • 

Lower freeh* water 1 

beds, . , j 

London day, . 
Plastic clay and ) 
sands, • • j 



Shells, pebbles, sand, &c. 

Shells and corals in sand 

or limestone. 

Fresh-water shells in marl 

or limestone. 
Estiiary shells in marU 
Fresh* water shells in marl 

or limestone. 

Shelly clay with Septaria. 
Coloured sands and clays, 
with or without shells. 



SccoNOAaT Stkata. 



200 



{ 



Cretaeeout S^Mtem, 

Upper chalk, • 
Lower chalk, . < 



Chalk marl. 



Soft, with flints. 

Harder, with or without 

flints. 
Soft argillaceous beds. 
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Groeifr-nnd, 



NaiiMS of Fomui- 

dms or OKNipt 

of Strata. 



WealikB, • 



(Tpp«r or 
Portland 
oolite. 



} 



Thkk- 
yarcbb 



SubdhrMoMOdoptad. 



160- 



Crdaeemu iS^«feiii-~ContiB«ed. 

Upper green Mnd, 
Qault, 

Lower green 




Foaailiferom, often chalky 
Blue marl or daj, foiMU< 

feroua. 
Often fermginoaap fbesali- 

ferona. 



OolUic Sffgtem^ 



300 



Middle, or 
Oxford oo- 
lite. 



r} 



100 ( 

to \ 

200 ( 



Lower, 
Bath 
Ute, 



r, or ) 
fchOo- I 



150 



Weald daj, 
Haitingi aandt, 
Purbeck beda, . 

Portland oolite, 

Sand, •* . 
Kimmeridge elaj, 



{ 
{ 
{ 



160< 



I 



Upper calcareooa> 
grit, . . ] 

Coralline oolite. 

Lower ealcareoot V 
grit, . . J[ 

Oxford daj, 

Kellowaja roek. 




Poller 

Inferior oolite, 
Sand, 



(Saj, with frcah- water 

ahella. 

Sandatone, with planta, fce. 
Clay and limeetone, with 

freah-water ahella. 

Limeatone,often cherty and 

foaailiferooa. 
Sand. 
Bine day, witk ahella. 

Sandatone^ often ahelly. 

Shelly oolite and ooral 
beda. 

SheOy aandatmie. 

Clny, with ahella and aep- 

taria. 
SaAdatone, with'shells 

Generally with few shells. 
Coarae shelly limeetono. 
With eoncretionary sand 

stone. 
Shelly limeetone. 
Thin blue day. 
Shelly compact and san4y 

oolite. 
Caleareona and argillaceout 

beda. 
Shelly and oolitic 
Shelly calcareous sand. 



'^ This series is from near Bath.- In Yorkshire and Sutherland it is 
different, aa will be stated herrafter. 
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Names of Forma- 
tions or Groups 
of Strata. 



Thick- 
ness in 
yards 



SubdiTisloDS adopted. 



LlM, 



New Red 
Sandstone. 



.} 



Magnesian 
Limestone 



ian 1 

;one,* j 



Remarks. 



Ooliiie Syttem — eondnued. 



\ 



Upper liaa shale. 

Marl- stone, • 
Middle lias ahale, ' 
Liaa Limestones, \ 
Loiter lias shale. 



Blue clay or aluminous 

ahale, shelly. 
Sandy limestone, &&, shel. 

Blue clay or shale, shelly. 
Blue and white compact 

limestone, shelly. 
Coloured clays and marls. 



Red Sandstone System, 



300. 



Coal, 



100^ 



Variegated marls, < 

Variegated sand- ^ 
stones, • . j 
Conglomerate, . 



Contain gypsum and rock- 
salt, shells rarely found. 

Red, white, &c sandstones, 
no shells. 

Pebbly sandstone. 



Knottingley lime-1 Thin-bedded close-grained 
stone, . • i I limestone, twith few shells. 

Gypseous marl, . {Red and white clays. 

Magnesian lime-1 Yellow, with local depo. 

stone, • . J sites of shells. 

,, , , f Laminated calcareous 

Marl slate. . | ^^^^^ 

Rothetodteliegende, Red sandstone, with plants. 
Carboniferous System, 



1000-| 



.Millstone grit,' 



pper, , . J 
iddle, . - • < 
Dwer, . . j 



Upp 

Middle 

Lower 



(Upper, 
300-^ I Middle, 
( 'Lower, 



All consisting of sand 
stones, shales, &c. with 
beds of coal, layers of 
ironstone, and deposites 
of plants. 



, Coarse and fine sai 

J shales, coal, ii 

I &c. with pla: 

• ^1 shells. 



Coarse and fine sandstones, 

ironstone, 

plants and 



^ As it occurs in th^i North of England. 



^ As in Yorkshire, $cc. 



L- 
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tftnm of Foniui- 

tions or Groups 

of Strata. 



I 



Thlck- 
neMin 
yards. 



Sttbdivislont adopted. 



Remarks. 



. 



C(ir6ofii^erotM. i^«f«iii— eontinaed. 

Yordale rocks. 



rbonife- 
roos Lime 
stone 



fe- ] 

Lime- > 



Old Red 
S^dstone, 



600 




Scar limestone, 

Alternating red 

sandstones and 

Umestonee with 
coal. Ice. 



ir 



Limestones, grits and 
shales, with coal, &c. 
and shells. 

Very thick limestone, shel- 

\j. 

In the north of England. 



Conglomerateaand \ 
sandstone, • | 

Coloured marlsand \ 
eornstones, . I 

Flagstone beds, / 



PftiMAET Steata. 



A locally Tariable series of 
rocks, foesiliferous in 
the south of England. 



Saurian Syatem, as it occurs on the border of Wales. 



Ludlow Rocks, 



Wenlock 
Rocks, 



Caradoc 
Rocks, 

Llandeilo 
Rocks, 



} 
} 



660 



600 



I 
I 



Sandstones. 



Limestones, 
Shale, 



• •{ 



• •{ 



830 1 
400 1 



Limestone 
Shale, 



Shelly limestone. 
Shelly sandstone, &c 



Calcareous 
nated beds, 



lami-1 



Argillaceous sandstone, 

shelly. 
Shelly and coralloidaL 



Abounding in loophytM, 
trilobites. Sec 



With trilobites, &c 



Grauwacke SytttnAj as it occurs in Wales. 



Plynlymmon \ «n- j I 
Rocks, / jkno^l 



li 



Hard, slaty, fine or coarse 
grained rock, with few 
or no organic remains. 



^ As in the North of England. 



' As in Herefordshire. 



38 



BRITISH STRATIFIED ROCKS. 



Names of Forma- 

tkN» or Groupt 

of Stnta. 



Thick- 
neMin 
yards. 



Subdiviitoiis adopted. 



Grataoaeke SjfUm a§ U oeeun in Waht — eontinaed. 



Bala limeatone, 



Snowdon roeka. 



unkn. 



unkik 



{ 



{ 



Dark, laminated, alaty 
limeatone, with foaaila. 

Hard alaty roeka, with 
(locally) few organic 
remaina. 



ClaytlaU System^ aa it oocura in Comberland and Weatmoreland. 



Clay-aUta, • mikn. 
Chiaatolita 



liaatolita \ 

•lat», . J 

lende ) 

> • J 



Hornblende 
aUte, 



unkn. 



Chlorite 
•chiat, with 
limestone 



ithl 



Miea-achiat, ^ 
with lime- v 
stone, • j 



Gneiss, with) 
limestone, | 



unkn. < 




Softer alaty rocks. No-or- 
ganic fossila. 

m 

The aame, with chiasto- 
lite. No fossila. 

The same, with hornblende. 
No fossila. 



Afica-fcAu^ S^tteml 



iitiltn^ 



{ 



unkn. J 



{ 
{ 



QuartE-rock, &o. No or- 
ganic remaina. 

Quarts rock. Sec. . No or^ 
ganic remaina. 



GhMu System, 



unkn. •! 



{Quartz rock, mica-schisty 
Sea Nooi^anicremaitta.{ 



In the preceding table several terms have been employ- 
ed which it will be necessary to explain. The whole mass 
of known stratified rocks is conceived to be divided into 
three great portions, called Primary, Secondary, and Ter- 
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tiary, from the respective eras of their production: the 
lowest being the oldest or earliest, the uppermost being the 
newest or latest. These great porijons are again subdi- 
vided into systems or assemblages, named from the most 
characteristic kinds of rock in each ; cretaceous from chalk, 
oolitic from oolite, carboniferous from coal, &c. or else from 
locality, as silurian system. The systems are composed of 
formations, or groups of stratified rocks, proved to have 
many characters in common, so ais to indicate many ana- 
logies of origin ; thus the chalk formation is obviously of 
one general type, the green sand formation contains repe- 
titions of green and irony sands and clays, the oolitic forma- 
tion is a series of oolite, sandstone, and day in many repe- 
titions ; and so of the others. 

The subdivisions of formations are not established upon 
similar principles in all cases; the general character of 
them ought to be to include each one stratified rock, as 
the coralline oolite, or one series of alternations of particu- 
lar strata, as purbeck beds, lias limestones, variegated 
mans, &c. 

Upon this principle all the formations of the carbonife- 
rous and other lower systems should be more subdivided ; 
but^this must be left to time, and not rashly attempted 
without sufficient data. 

Each of the stratified rocks or series of alternations thus 
constituting subdivisions of formations contains one or many 
strata, layers, or beds ; the Bath oolite, the magnesian lime- 
stone, &c. are formed of many strata or beds ; and so of the 
others. Nor is this the last term of the analysis ; for many 
strata, as sandstones especially, are composed of parallel la- 
• minae, which are often separable, and bear the same relation 
to the stratum that this bears to a stratified rock. 
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Bugram, No. !• 

Bed without lamlnc 

FoBMATioN ^^^SS^^^Tg^^^^^§ B6d with wivcd lamiiue* 

Finely lamiimtert rock. 

^^5"^ Coandy laminated. 
Obliquely laminated. 



OB 

Onoup 

OF 

Strata. 





With parallel laminc 
Obliquely laminated. 

SCALE OF STRATA IN OTHER COUNTRIES. 

The series of strata classed in the preceding table is al- 
ways recognisable, wholly or partially, in every part of the 
British islands ; that is to say, the stratified rocks occur- 
ring in any situation can be referred to their respective 
types in the general table. But the local variations are 
considerable ; several of the stratified rocks are only of 
limited extent ; even whole formations, as the oolitic for- 
mation, change their characters, or, as the millstone grit, 
are entirely extinct in particular regions where the groups 
above and- below them are complete. 

This being the case, it is evident that such subdivisions 
are too minute and variable to be employed in comparisons 
between British and foreign series of strata. We must be 
satisfied with comparing formations and systems, and in 
some cases omit even these and look only to the succession 
of primary, secondary, and tertiary classes of rocks. 

This examination has been made in almost all parts of 
the world, nowhere, indeed, except in Europe and certain 
portions of the other continents completely, yet every- 
where sufficiently to establish the truth of the following 
propositions. 

!• The series of British strata represents very well the 
succession of stratified rocks in Europe, parts of Africa, 
Asia, and North America ; this agreement is most strict 
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in those parts which are nearest to the British islands, and 
becomes more vague and indefinite as the distance in* 
creases. In France and Germany, for instance, as far as 
the Pyrenees and the Alps, not only the greater divisions, 
but nearly all the formations, most of the smaller groups, 
and many of the particular rocks, are well exemplified. 
Round the shores of the Mediterranean analo^es to the 
same type continually present themselves. In the basin of 
the Indus and on the slopes of the Himalaya Mountidns 
some of the secondary strata of Great Britain have been 
recognised. . What is known of Australia offers less exact 
analogies of the satae kind. In North America not only 
are secondary and tertiary strata known corresponding in 
general characters to those of Europe, but several of the 
European formations have been satisfiu^torily identified. 

2. In ail parts of the globe where a considerable extent 
of country has been surveyed stratified rocks have been 
found ; but many small portions of the terrestrial surfiice 
are devoid of them. Stratification is, therefore, not an 
universal, but yet it is the most general form in which the 
rocky materials of the globe are accumulated. 

The three great divisions of stratified rocks appear to 
hold the same relative position in all parts of the globe. In 
very distant localities the successive formations are identi- 
cal, similar, or analogous, and it is evidentiy not unreason- 
able to expect firom the union of observations, conducted 
upon one general plan, that a general history may at last 
be formed of all the stratified rocks in the crust of the 
globe, and according to the relative periods of their pro- 
duction. 

The unstratified rocks of Great Britain, though nume- 
rous and individually variable, can yet be generally refer- 
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red to a few leading divisions, according chiefly to their 
constituent minerals. This classification will be given 
hereafter ; we shall now content ourselves with noticing 
two predominant groups of these rocks, remarkably con- 
trasted in the circumstances of their occurrence — ^granitic 
and basaltic rocks — ^the former lying in great masses below 
aU the strata, frequently in the centre of a mountain dis- 
trict; the latter occupying fissures in them or spreading ir- 
regularly over their surface. 

Few parts of the globe except some of its vast plains and 
deserts are entirely deficient of rocks which are not strati- 
fied, though the surface which they occupy is not nearly so 
gre&t as that covered by the strata. Granitic and basaltic 
rocks compose generally the greater portion of the unstra- 
tified masses, as in Britain, and lie in the same relations to 
the strata. For granitic rocks, throughout the globe, are 
the most frequent axes or centres of mountain groups^ and 
basaltic rocks fill dykes and spread in irregular oappings 
over the strata. It is evident, therefi^re, that the structure 
of the exterior parts of the globe, though full of local di- 
versity, is all formed upon one general plan, and produced 
by similar agencies. 

GENERAL VIEW OF THE STRUCTURE OF THE CRUST 

OF THE GLOBE. 

An observer stationed on any of the widely extended 
plains, which occupy so large a proportion of the surface of 
the earth, finds, beneath the soil and loose materials, the 
different rocks almost universally stratified, lying in a set- 
tled order of succession, and nearly horizontal, or gently 
inclined in some one direction. 

On the other band, the high mountain districts generally 
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e^bit in the central points, or along their axes, granitic 
and other unstratified rocks under all their strata, which 
^pe away on all dides at high angles of inclination^ descend 
to lower and still lower ground,. and finally pass under the 
plains and more level regions, and are there covered up 
and buried under other superimposed strata. Very few 
parts of the world offer real exceptions to this general state- 
ment. The narrow mountain chains and groups occupy 
far less space than the wide plidns which they divide, and 
were the surface of the continents lowered only a thousand 
feet, most of them would form small islands in prodigiously 
wide seas. Yet they are really connected together^ and 
all united into one system beneath, both by the unstratified 
rocks of the axis, and the strata of the slopes. 

Let the diagram (No. 2.) be supposed a section thr0ugh 
two mountain ranges and one intervening plain ; it will be 
seen that the sloping strata of each mountain group are 
continued beneath the plain to unite with those on the 
other side ; the strata Ipng in the lower countries are 
higher in the scale than those which rise against the moun- 
tains, and tlius it happens that a person proceeding from 
low regions towards high districts finds strata which lay 
deep below gradually and successively emerge towards the 
mountains, and the lowest of all rise to form the highest 
crests and loftiest ridges. Hence also it happens that the 
strata are seldom quite horizontal, but generally have an 
inclination depending on some mountain axis. Hence also 
the term basin, so much used in geology, to express the 
sloping of strata in several directions toward a centre, a 
drcumstance which seldom happens unless the country 
also agrees in geological features with the basin of the hy** 
drographers. To discover in the plain countries the strata of 
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the mountains, we must penetrate the earth by deep [ritB ; but 
man's power is eoon limited in this direction, and a much 
easier method is at huid for obttuning the complete section 
of strata existing blether in any one great geological ba»n. 
Proceeding from the point where the uppermost stratum 
is found, towards the borders of the ba^n, the country ris- 
ing gradually or by undulations, the strata a, h, c, &c. com- 
ing out successively, may be successively examined and 
measured, and a section be drawn representing the whole 
series, till we reach the axis of the mountains composed of 
unstratified rocks g, visible in one mountain tidge, buj 
covered in another. 

IXigram, No, S. 




In this diagram, the stratified masses ed may be con- 
caved to be piimary strata, cb secondary, and a tertiary ; 
t may shew one of the irregular overlying masses of basal- 
tic and some other rocks. The reader will understand 
from this, how it happens as a general rule that the lowest 
strata rise to the highest ground, and the contrary. 

In comparing the secUons of diSerent geological basins, 
a very striking general similitude prevals, but differences 
perpetually occur ; the whole may be reduced to one ge- 
neral law. The lowest or primary strata, in all the moun- 
tain ranges, and throughout all the basins of the globe, have 
very much of a common character; gneiss, mica schist. 
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clay-slate, quartz rock, with few or no organic remains, are 
the most characteristic strata of every country. 

The secondary and tertiary strata, recurring mostly in 
lower ground, eve^ where exhibit very similar chemical 
and mineralogical characters : they are composed of lime« 
stone, sandstone, and clay, with abundance of organic re- 
mains; but in distinct regions, the formations in which 
they naturally group themselves are rather analc^us than 
closely related. The primary strata are the effects of al- 
most universal agencies, accompanied by very similar local 
conditions ; those of later date also agree in some general 
featureiB, but exhibit diversities of character apparently due 
to diversity of local circumstances. In this sense, the pri- 
mary deposits are almost universal, tiiose of later date are 
more local and limited. 

Origin of the Stratified Rocks. — That the stratified masses 
of the globe, resting upon one another in a settled order 
of succession, have been deposited from water in the same 
order as we now see them — ^the lowest firsts— the uppermost 
last — ^is a proposition so fully and freely admitted, that it 
may seem unnecessary to adduce arguments in its support ; 
but the facts which prove the watery origin of the strata 
open at the same time a great variety of other truths, and 
disclose so clearly the history of many great physical 
changes on the globe that a full examination of them is 
essential to the acquisition of right fundiamental views in 
geology. 

Nature of the Rocks. — Viewed generally, the most abun- 
dant stratified rocks may be referred, according to their 
chemical constitution, to one of three great groups, vi2. 
Siliceous rocks, Siliceo-aluminous rocks, Calcareous rocks. 

The secondary and tertiary series of strata consist prin<* 
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cipally of alternating strata of these qualities, and the same 
is less obviously true of the primary strata. If we consider 
on what mineralogical characters this general result de- 
pends, we find the siliceous rocks have almost universaUy 
a preponderance of the mineral quartz ; the siliceo-argil- 
laceous rocks consist of quartz with distinct or indistinct 
admixtures of felspar, mica, chlorite, or other minerals, 
containing alumina. Distinct mixtures of these minerals 
occur both in the primary and later classes qf strata, but 
there is a great difference in the appearances of the com- 
pounds. Gneiss, mica-schist, &c. in the primary series, 
have very much the air of crystalline aggregat|pn; the 
secondary and tertiary sandstones are clearly mechanical 
aggregates ; yet upon more close scrutiny, this difference 
diminishes or vanishes. Several sandstones are almost 
crystalline, the particles of gneiss are really fragmentary ; 
in both the parts are truly crystallized as to the interior tex- 
tmre, but in neither of them entirely free from the effects 
of some mechanical movement. The mica of gneiss is not 
dflen perfectly hexagonal as in granite, the quartz has 
generally lost its exact prismatic shape, the felspar its pro- 
minent angles. Exceptions to this occur certainly, but it 
is quite true as a general rule, and when fully investigated 
leads to a positive conclusion that nearly all the noncalca- 
reous primary and secondary strata have been subjected, 
but in very different degrees, to mechanical agencies, like 
those concerned in the accumulation of common sandstone. 
Now the least examination of sandstone rocks, and compa- 
rison of them with the sandy and argillaceous deposits from 
rivers, in lakes, and on the borders of the sea, leaves no 
doubt that they have experienced the agitation of water ; 
in fact, that they were sedimentary deposits. 
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Some limestones do and others do not yield evidence of 
similar agitation ; they are often to be considered as aggre- 
gations of particles of carbonate of limei slowly coUected 
£rom chemical precipitation in water. 

ORGANIC REMAINS IN THE STRATA. 

The contents of many of the stratified rocks leave no 
doubt of their watery origin, and inform us besides of 
many circumstances concerning the condition of the waters. 
.We find almost all the tertiary and secondary strata, and 
some (the upper portions) of the primary strata, rich m or- 
ganic fossils of the animal and vegetable kinds ; some, as 
zoophyta, Crustacea, and mollusca, abound in particular 
rocks, so as to form a large part of their substance. Ex- 
amined with care and all the advantages of modem science, 
marine, freshwater, and terrestrial plants and animals are 
found disposed with great regularity in the difierent strata, 
just as at the present day we find in the sandy bed of the 
sea and in lakes, the shelly remains of the marine and 
freshwater mollusca, and other creatures ; and, scattered 
amongst them or lying distinct, some of the vegetable spoils 
of the land. 

If we had witnessed the elevation of a part of the bed 
of the sea or a lake, by the force of an earthquake, and 
wished to remove any doubt in the minds of those who 
had not seen it, should we not triumphantly appeal to the 
tNresence of marine exuviae in the one, and lacustrine shells 
in the other, for confirmation of the statement ? Would 
not the argument be equally strong, the &uct of the former 
submersion of one part under the sea, and of the other under 
firesh water, equally certain, firom this circumstantial evi- 
dence alone* a hundred years after the occurrence ? 
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This is the reasoning employed in modem geology : we 
find the greater part of the strata composing the Joiown por- 
tion of the crust of the globe, fuU of the remains of marine 
exuviae, exactly as we should find the stratified bed of the 
sea at this day filled with the exuviae of now existing or 
lately perished animals, and we conclude, without hesita- 
tion, that the strata were deposited in the sea when the 
earth was in some di£ferent condition ; that in fact the 
whole terrestrial surface of the globe was formed under 
water, and has since been laid dry by some natural process. 
•Upon this clear and impregnable basis rests the whole of 
geological science — ^this is the first of its grand and impres- 
sive truths. Derived from observations over all the globe, 
it has been fully established in modern times, yet was not ^ 
wholly overlooked in remote antiquity. 

Notions of the displacement of th^ ocean from lands of 
great extent which it once covered, occur in Ovid and 
Strabo *, the perception of its importance became general 
on the revival of learning in Europe, and gave rise to many 
hypotheses in Italy, France, England, and Germany. It is 
the great truth which supports the Wernerian and Hut- 
tonian theories, as well as the otherwise baseless fabrics of 
fancy proposed by Burnet, and Woodward, and others of 
our countrymen. 

Besides the proof thus offered that our« continents were 
formed under the ocean, and only recovered from it after 
the deposition of many strata, enclosing the remains of 
many races of beings, we find more limited indications of 
the existence of fresh water and dry land contemporane- 
ously with the production of some of the marine strata. 
How is this known ? By the alternation of strata contain* 
ing freshwater sheUs and ether products, or land plants. 
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with those containing marine exuviae. Thus it is certain 
that while the whole or greater part of the terrestrial sur- 
&ce we now behold lay unborn on the bed of the prime* 
^al deep, some land did exist, some lakes or rivers held 
fresh water, and the air nourished vegetables and animals 
as well as the sea. 

But the greater proportion of organic remains found in 
the earth is clearly of marine origin. They are incredibly 
numerous, often perfectly preserved, and can be directly 
compared with existing species of moUusca, Crustacea, 
zoophyta, &c. so as perfectly to determine their affinity and 
diversity. The progress of philosophical zoology and bo- 
tany is here of the highest importance: these sciences 
enable us in many instances to state the degree of the ana- 
logy or difference observed, and to draw some important 
inferences not otherwise attainable. The comparison of 
recent and fossil species has now gone far enough to juiSti- 
fy some remarkable deductions. 

BXTINCT GENERA AND SPECIES. 

Of many thousand species of marine zoophyta, mollusca, 
Crustacea, fishes, &c. very few can be exactly paralleled 
in the system of living nature, most of them are extinct, 
and only to be understood by the application of laws de- 
rived from the study of the most similar existing races. 

The amount of resemblance between the fossil and the 
recent tribes is extremely variable ; a few are perfectly 
identical ; a considerable proportion so far similar as to be 
referred to the same genera ; a still greater proportion can 
be included in the same great families ; almost all can be 
referred to the same great classes of the animal and vege- 
table kingdoms. The differences of form and structure are 

B 
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thus known to be of the same order as those which at the 
present day belong to the productions of different climates 
and different local conditions. Thus, while some very 
large groups of fossils have only a very faint resemblance 
to existing forms of life, strike us with surprise and awaken 
a curiosity which can only be partially gratified, — the gene- 
ral effect of the whole investigation is to prove a unity of 
design pervading the fossil and living creations, — one gene- 
ral system is discerned,— ^-and the variations are referred to 
differences of circumstances. To reduce these differences 
of condition to some general law, let us next attend to the 
distribution of organic remains in the earth. 




DISTRIBUTION OF ORGANIC REMAINS IN TH 

The stratified masses of the earth containing organic 
remains are of different antiquity, as indicated by their 
relative position, of different chemical and mineralogical 
nature, and the situations in which they occur upon the 
globe are various ; these three circumstances influence tlie 
distribution of organic remains. In the existing economy 
of nature we know that marine life varies with geographi- 
cal situation, and changes with the nature of the oceanic 
bed. But the present races of beings which become en- 
gaged among the sediments of the ocean characterize only 
one period : the organic remains belong to many different 
successive ages of the world. Thus we must examine their 
distribution in the earth with reference to three points, — 

1. The different periods when they lived. 

2. The geographical situation of the locality. 

3. The different rocks which enclose them — (other 
things being similar). 
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The bare proposal of such pfobklns' for discussioD is 
enough to prove what real progrei^s'haA'beto'inade in in* 
vestigating the structure of the earth ; and it is scarcely 
beyohd truth to say, that as much is abr^s^y 'known of the 
bnvs whidi goyem the distribution' df'tirgtfitiC remains in 
the earth as of those which define ^he'litii^' of lif(^ in the 
sea. Nevertheless, we must not imagiiid'^Ms^ 'subject so 
fully examined as to confer more ttilih a ^rbvlsi^mal charac- 
ter upon the conclusions which* follow ; felt accurate results 
on the subject are yet collected from ^'Very'«inall part of 
the surface of the globe. . -•^' • » . .: . 

1. The relative antiquity of the litratified rocks is foimd 
to be, throughout most parts o^ the world,' the circumstance 
of principal influence in limiting the occuirr^^i^e of organic 
reliquiae. In every restricted tract of coiintry; as the north 
or south of England, the fossil zoophyta,' shells, and Crus- 
tacea are di£ferent in the diSerent systems of formations, 
and sometimes even in all the successive stratified rocks. 
Thus in the north of England the' Silurian system, the car- 
boniferous system, the red sandstone system, the oolitic 
system, and the cretaceous system, all contain organic re- 
mains, and mostly in great plenty. Two tilings are here 
obsef'ved, first, that all the fossil' shelli^' &c. are clearly 
and completely distinct from any ^nowh' recent species ; 
secondly, that with hardly one exception, all those of one 
systend ai'e distinct from all those of another. 

2. In each system of strata lie entombed the exuviae of 
entirely different races of beings, all successively buried in 
marine sediments on the same geographical area ; a series 
of monuments which mark the numerous changes of orga- 
nic and inorganic nature. Each stratum is thus proved to 
have been in its turn the bed of the sea. Afler the depo- 



52 DISTRIBUTION OF ORGANIC REMAINS 

sition of a certain number constituting a formation or sys- 
tem of strata, all the phenomena were changed, sediments 
of a di£ferent nature were deposited, enclosing the remains 
of different races of living beings. The same things are 
true of equal districts in the south of England, in France, 
Germany, and America. It is therefore adopted as an 
axiom su£5ciently demonstrated to be of general application, 
that in a limited district particular species of organic re- 
mains are distributed in certain assemblages of strata ac • 
cording to their relative antiquity. Certain races of orga- 
nic remains are of higher antiquity than others. 

To the discovery of these sure truths Mr W. Smith has a 
just and recognised claim. His labours date from 1790 ; 
yet we must not omit to observe that not only Werner, but 
Whitehurst, Mitchell, and Lister, and others, had some 
knowledge of a similar kind, more, perhaps, than can be 
inferred from the short notices left in their works, or in the 
memory of their pupils. 

3. But these are local truths. The attention of modern 
geologists, resolved to follow out the masterly researches of 
Mr Smith, are directed to ascertain their generality. The 
law just expressed may be universally true, and prove every 
where changes of organic life proportioned to the time 
elapsed, and yet not permit us to infer that these changes 
were contemporaneously similar over all or even a great 
part of the globe, unless the organic contents are every 
where similar in the same or contemporaneous formations 
or systems of strata. The facts yet collected on this sub- 
ject are too few to allow of very precise inferences ; yet it is 
too important to be lightly passed over. It is found that 
particular species of fossils have rarely, even in the same 
stratum, an imiversal diflusion. Not even over the conti- 
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nent of Europe can many particular species be traced at all 
the points of a particular rock. One certain belemnite 
{B, mucronaius) is almost never absent from the European 
chalk, and is found in no other rock ; a particular trilobite 
( Calymene Blumenbachit)^ and a certain coral (^Ccttenipora 
Lam,) has been found not only in most localities of the 
Silurian limestones in Europe, but also in America; but 
these are rare cases. Particular genera and families are 
more widely distributed along the strata to which they be- 
long ; for example, belemnites and gryphseae occur every 
where in the cretaceous and oolitic systems, and rarely or 
not at ail in any other systems. Orthoceratites and gonia- 
tites occur every where in the silurian and carboniferous 
systems, and in none which lie above. Finally, each sys* 
tern of strata, as &r as is yet known, appears, wherever it 
occurs, to exhibit in its organic contents identity, affinity, 
br analogy with those found with it at other points nearly 
in the ratio of the proximity of the situations. Hence, as 
a general rule, it is found that the marine organic contents 
of each system of strata are the remains of successively 
created and destroyed races of animals, each of which lived 
through particular periods of time, and no longer ; that the 
families and genera living at one epoch were very widely 
diffused, but that each species existed only in a definite and 
mostly very narrow geographical area. 

4. Nature of the rocks. — In the modern ocean we know 
that the distribution of many mollusca and Crustacea is in- 
fluenced by the nature of the bed or shore of the sea. 
. Oysters love a muddy bank, cockles delight in sandy shores, 
lobsters seek subaqueous rocks. The same dependence 
appears amongst organic remains ; for it is too remarkable 
to escape ordinary attention, that the ostrea deltoidea is coU 
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lected in immense oyster beds in the Kimmeridge clay ; 
that an analogous genus, ihfi. gryphaea, lies in excessive 
abundance ip the Oxford clay, and the argillaceous lias 
shales and limestones. 

But zoophytes, as lamelliferous corals, echinida, and 
crinoidea, geqe^ally, are almost unknown in argillaceous 
rocks, unless when they are associated with calcarieous por- 
tions, while they abound in many, if not all, the fossiliferous 
limestones. ,. ., . 

» 

Thia kind x)f. dependence o^ certain races of fossil shells, 
&c. on {t|ie .nature of the enveloping rock^ can be well 
studied, in jth^ .qoljtic and carboniferous limestone forma- 
tions, wb^e, limestone, sandstone, and sl\ales continually 
alternate^ .. Thieve is a general accordance between the dif- 
ferent ooU^iQ^^estones in the number and general charac- 
ter, and often, pjsculi^r spedes of fossils which, they contain. 
In respect pf ;the fossils, the limestones differ more from 
the sandstones, and .argillaceous strata than from each other. 
The same tiling^ .^e true in the mountain limestone series, 
with this .a4di^on, tjfat the fq^sils are principally^ coAfined 
to the j?aU:^^f^us,|)ortions of the strata. . .., , 

It4»rQul4 appe^, therefore, that the con4itions, of exist- 
ence of cej^km^, species of fossils pccwr^d p^i^dically^ and 
coincided Y^h the Reposition of particulpr strata, as if the 
dictiun of Cuvier weje .true,T — at^ if the.pc^ani^ fluid had 
changed, jiXs n^iture, and its, depositionsi*and ^inh^^bitants 
changed, in prpportion. But before we adppt.this canplu- 
sion, we must ^ure ourselves of the truth ,^f wjiat has in- 
deed 'bee]\.]b90g^,take^ for granted byt geologists,; that, the 
marine .an^malg, lived, on pr near the iqx>t where their re- 
mains Ue^^mbfdded. This does not require long discus- 
sion, .Xh^.genejral perfection of t^e delicate ornaments oa 
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the surfaces of shells, echini, &c.y the complete state of con- 
servation of fishes, Crustacea, &c., proves them to have un- 
dergone little or no violence, such as transporting from a 
distance in oceanic currents would necessarily occasion. 
In some cases the fossil shells, &c have experienced the 
usual agitation of the shores of the sea, as in the forest 
marble group near Bath, the top of the odite at Stamford, 
&c. ; and this is of great importance in reasoning ; but gene» 
rally we may conclude that the doctrine is sufficiently exact 
which fixes the local residences of the animals near the 
place of sepulture of thdr shelly or osseous remains* 

COMPARISON OF THE STRATIFIED AND UNSTRATIFIED 

ROCKS, 

The argunients on which we rely for the proof of the 
subaqueous origin of all the stratified rocks may be thus 
summed up* 

The stratified structure is that which is always assumed 
by successive depositions of sediments 'in water. 

The materials (day, sand, limestone, &c.) composing the 
strata of the crust of the globe, are exactly ainnbur and in 
the same condition, or else very analogous, to deposits now 
forming under water in various parts of the globe, and si* 
mHariy associated* 

The organic contents of the rocks are such as admit of 
no other explanation, for they are mostly of marine or fresh 
water origin^ and the few teitestrial reliquiae wfaidi occur in 
them.shew, by various circumstances, that they were drifted 
from the land or overwhelmed by the sea. .By comUning 
all these conriderations, we arrive at the positive condu^ 
sion Mo^ al^^fea%«<!ra^|f8e<lrocib are of aquestts origin* 

But when we turn to the unratified lodcb the = same 
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condusioii does not apply. Independent of the universal 
want of this unequivocal mark of watery action (except 
under particular cases not reaUy exceptional, as will appear 
hereafter), the following circumstances are decisive. 

The materials of which the rocks are composed are 
neither similar to those now deposited by water nor in a 
similar condition. They are not composed of sands, clays, 
or limestone, but of a variety of crystallized minerals, many 
of them the same or very similar to those produced by vol* 
canic agency, or the artificial heat of a furnace. 

The association of these minerals into rocks is the same 
or very similar to the grouping of similar minerals in volca- 
nic rocks. In several instances the products of volcanos 
and ancient unstratified rocks are identical. The variations 
of the different groups of rocks follow similar laws, and they 
occur under similar relations to the stratified rocks. 

In these unstratified rocks organic remains do not occur 
(sometimes, indeed, portions of strata containing such re- 
mains are enveloped in unstratified rocks) ; and from the 
whole evidence no doubt remains of the igneous origin of 
the crystallized and other unstratified rocks. 

It is very conceivable that, in particular circumstances, 
the effect of watery and igneous agency may be evident in 
the fame rock. These agencies may have been contem- 
poraneously or successively exerted ; and thus combined, 
successive or confused results of two entirely different 
agencies may occasionally lead even the experienced geo- 
logist into error. But this does not affect the' principle i 
inaccuracies, of detail must often occur in descriptions and 
reasonings on natural phenomena, which involve various 
conditions and measures of force. Already, indeed, the 
clew is probably obtained for elucidating the differences as 
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well as the agreemenU of geological phenomena, and it is 
not necessary to say that no natural science can pretend to 
have made greater progress than this; for to know the 
causes of general agreement) and to discoyer the causes of 
partial diversity, is the whole problem of physical science. 

Ortgirtal Position of Strctta. — The leading and funda- 
mental &ct of geology is the submarine origin of the strati- 
fied rocks ; and the partial desiccation of the bed of the an- 
cient sea is the general truth upon which all geological 
theory must be based ; for in fact our examination of the 
structure of the existing land is nothing more than the ex- 
amination of the successive deposits in the ancient ocean, 
varied by the effects of subterranean movements. One of 
the first questions which presents itself to the mind on con- 
sidering this subject is this, Do we see these stratified 
rocks in their original state and place, or have any displace- 
ments and derangements happened to confuse their order 
Mid symmetry ? The theoretical considerations connected 
with this question will come before us hereafter, but, for the 
sake of the descriptions of rocks which are to follow, it id 
necessary to settle the facts. 

In this, fortunately, there is no great difficulty. By ail 
investigation of the circumstances under which modem de- 
posits happen in water, we find as a very general result, ad- 
mitting of few, and those local exceptions, that these depo- 
sits ever tend to assume horizontal surfaces. Wherever 
the lateral influence of waves and currents agitates broad 
surfiuses of water to a considerable portion of its depth, the 
earthy sediments (sand, clay, &c.), and chemical precipi- 
tates (carbonate of lime) are diffused by the movements with 
so much uniformity as to produce very regular strata, with a 
decide tendency to horizontal surfaces. Thus, all round the 
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British islands, the very moderate slope of the bed of the 
sea is extremely characteristic ; between the Humber and 
the Elbe, a distance of 4° longitude, the greatest depth is 
about 200 feet. (Whewell on Tides, Phil. Trans.) And, 
as Mr de la Beche has shewn, if the British islands and 
the bed of the sea around them were raised only 600 feet 
above their actual level (as compared jvith theocean), they 
would bci joip^d to the continent of Europe, and surrounded 
oi^ all hands by a vast area of flat, or rather gently inclined, 
land ; for, the &I1 from the coast to the new sea4ine would 
be generpUy so gradual as to iprefeent Co the ey^ ope great 
plain,. uniting the western opasts of Spain^ Ireland^ the 
Hebrides, and Scandinavia. 

The -same horizontality of stratified deposits is pbsieryed 
in the dried beds of ancient and. modem lakes ; it.is seeX) 
in every delta and along all river sides, andevet^ if, like th^ 
stormy Arve, the rivers sweep adong large masses of stone 
through irregular valleys, and accumulate h^apa of detritus, 
with much local irregularity, the general reisultb a plane 
surface... 

There are indeed exceptions to this general truth. One 
of the iQost interesting is that brought Sorwaxd by Mr 
Yate^itk his description of the sedimentary deposits in the 
lakes bf Si't^tzerland. Where a river discharges sediment 
into deep^ and' tranquil water, the particles, when released 
from, the ^lateral impulse, are in some degree in the same 
Circumstances as materia thrown from a loaded waggon ; 
the coarser matters accumulate into conical, heaps round 
the point of entrance of the river, while ihe finer s(»rts pass 
through greater breadths of the water and form more ex-* 
tensiye and less inclined d^)08it8« (Jameson- s Journal, 
'1830») Aiiother case of ^stratified deposits deviating con- 
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siderably from the horizontal, may happen when carbonate 
of lime is precipitated from solution, and suffered to fall in 
very tranquil water on a sloping or undulated bed. The 
thickness of the strata produced would be greatest in the 
deepest parts, and the whole deposit would grow thinner 
towards the edges. 

Now, in &ct, among the stratified rocks which compose 
the crust of the globe, examples of these exceptional cases 
do occur ; instances are really known where coarse mate- 
rials to a limited extent have been deposited in inclined 
positions, and carbonate of lime. coUected in particular forms 
and not generally difiused'; but just as in the present eco- 
nomy of nature we find unequivocal evidence of the gene- 
rality of the law of horizontal deposition of strata, so it 
certainly was in the older times. We are fully convinced, 
that for broad and extensive formations of strata composed 
of various successions of saiids^ days and limestones va- 
riously stored with organic remains, there can be no risk 
of error in assuming, as a fact sufficiently proved, that they 
were deposited nearly level. 

Position of Strata. — ^Assured of this fact, as a basis of 
reasoning,, we may proceed. to inquire into the actual po- 
sition of stratay as they axe seen in the desiccated parts of 
the old oceanic bed which now compose our splid land. 
The most general condition of the stratified rocks of all 
ages is to be not quite level, but inclined to the horizon in 
some one direction, and at some certain angle, in each lo- 
cality. 

Over immense tracts of the earth's surface, the angle of 
inclination is extremely moderate ; more than } of the sur- 
face of Europe (and probably of the other continents) is 
occupied by strata which in common language may be said 
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to be nearly horizontal. This character of horizontal'ty is 
indeed almost exactly merited by the strata around Paris, 
in the Great Pluns of Northern Germany and Russia, the 
Basin of the Danube, Hungary, &c. ; but as we proceed in 
any direction from such centres and lines of horizontal 
stratification, we find the rocks to assume more and more 
of some prevalent inclination, so as to permit the subjacent 
strata to come to the surface and present escarpments in 
particular directions. 

These escarpments commonly look toward the nearest 
range of mountains ; in that direction the inclination of the 
strata augments continually, and at length on the slopes, 
or in the midst of such mountain range, we find them very 
steeply inclined, absolutely vertical, partially retroflexed, 
or bent into strange contortions. 

Among the* Alps and Pyrenees, the strata which, in 
every part of their surface, were originally very little in- 
clined, and which, at a distance from the mountains, retain 
nearly their original position, are thrown into various dis- 
turbed positions ; the local effect of violent convulsions. By 
a careful study of the circumstances, we observe that these 
indications of disturbance augment continually toward the 
axis or centre of the mountain group ; and that the direc- 
tion of the movements has there been upwards- There 
has, in fact, been a real and violent elevation of the strati- 
fied crust of the globe, corresponding to the centre or axis 
of each mountain group. 

No. 3. 



Axis. 



_ ^^/ ^^- 
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This truth, sufficiently attested by observation in all parts 
of the globe, leads directly to another very important law 
of the phenomena of disturbed stratification. The centre 
or axis of the moimtain group, and consequently of the dis- 
turbing movement, is generally seen to be a mass of un- 
stratified rock^ such as granite, sienite, &c., which shews, by 
a variety of circumstances, that it was not deposited in wa- 
ter, but rather crystallized from igneous fusion. Very often, 
indeed generally, proo& of its having been in a state of fu- 
sion at the time of the elevation of the strata, are found in 
the extension of veins of the crystallized into the sedimen- 
tary rocks, accompanied by characteristic effects of heat. 

We are thus led to associate the phenomenon of the dis- 
turbance of strata, with the eruption of crystallized rock 
from beneath ; and though the latter is indeed not exactly 
the cause of the former, but rather a concomitant effect of 
some general dynamical agency, geologists are not greatly 
to be censured who describe the phenomena as they appear, 
and speak of the disturbed positions of the strata, as effects 
of the elevation of imstratified rocks. 

Once acquainted with this relation of the two classes of 
rocks, we are in possession of a clew to guide us through all 
the mazes of local geology ; for it is equally true of small 
elevations of strata, as of all mountain chains, that the most 
general condition observable is the mutual dependence of 
these disturbances and irruptions of unstratified rocks. 

Particular Positions of Strata, — One of the most com- 
mon of the many forms in which the subterraneous move- 
ments alluded to have lefl the strata, is that of a longitudi- 
nal ridge, from which the strata decline on both sides, 
usually at very high angles; this is called an anticlincd axis. 
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le cases (Diagram, No. 4.) the strata are continuous 




over the axis, as in the Ribblesdale system of faults in Yorlc- 
shire ; in others (Diagram, No. 5.) they are removecl along 



the axis so as to constitute what is called a valley of eleva* 
tion. The southern Cordilleras are in (his state. 

The longitudinal depression or trough (Diagram, No. G ) 
No. 6. 




towards which strata decline, is called a tyticKnal axis ; 
this is frequently placed parallel to an anticUnal axis. 

Cases of conical elevation do occur, but rarely ; ellipti- 
cal ridges are more frequent ; and the centres and axes of 
such being removed more or less completely, make round 
or elliptical valleys of elevation. One of the most remark- 
able is that of WooUiope in Herefordshire. (Murchison.) 

In some cases, instead of acclinal or declinal slopes to 
or from an axis, we have a complete ^ocAire of the mass of 
strata along a vertical or inclined plane, parallel to which the 
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beds on one side are uplifted, and on die other depresied. 
Thig is called a favU or %lvp ; almost every coal diatrict 
and mining region in the world ie full of such, though their 
number is, upon the whole, very much greatest in elevated 
districts, and least in the youngest strata. 

The extent of displacement on one side of such &ult is 
sometimes only a few inches ; in other cases 10, 100, cr 
1000 feet or yards. The great Craven fault and Cross Fell 
fault in^the north of England' is complicated with a narrow 
anticlinal axis, the extent of displacement produced by both 
is 1 000, 2000, 3000, or even 4000 feet. (Diagram, No. 7.) 




Irregular as seems the origin of. these fractures (beinq 
occasioned certainly by pressure on planes of imequal re- 
sistance), yet some general laws of phenomena are know:i 
concerning them. The faults in any district range in many 
directions ; yet they more ^cially follow two principLi 
lines nearly at right angles to one another ; they generally 
cross the andclinal axis, and terminate in a remarkable 
master fault or axis of elevation.* 

Another law has been long known to miners of the rela- 
tion between the plane of the fault and displacement of the 
strata which it traverses ; if the fault forms unequal angles 
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with the plane of stratification, the strata are almost always; 
found depressed on that side towards which the plane of 
the fisiult dips or declines from the horizontal. In diagram, 
(No. 8) A A being a level line, // the plane of the fatdt 

No. 8. 



dipping from the horizon on the side D, the strata 1, 2, 3, 
&c. are fomid (relatively) thrown down on the side D, and 
(relatively) elevated on the side £. Not as in the next 
diagram (No. 9)? whidi represents rare and exceptional 
cases with the same letters. 

No. 9. 



Both the anticlinal axis and the fault are, without impro- 
priety, often called oa^e^o/* (relative) elevation. 

When the violence of the disturbing agencies has been 
extreme, the strata are not only thrown into high angles of 
inclination towards or from an axis, but sometimes actual- 
ly rendered vertical (as in the Isle of Wight), or even re- 
troflexed (as in the Malvern Hills). Even a more remark- 
able case is common among the Alps, as in the Lake of the . 
Four Cantons, and in the Valley of Lauterbnm, where the 
limestones are bent into the utmost conceivable variety of 
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curvatures, evidently caused by great lateral and vertical 
pressure upon yielding materials. (Diagram, No. 10.) 




Areas of Deposition. — The study of the various circum- 
stances under ^iiich disturbances of the strata are mani- 
fested, has assumed a very high degree of importance since 
the speculations of M. de Beaumont recalled attention to 
their connexion with general theory. It had been long 
known that the dislocations of the strata were of unequal 
antiquity. Even as early as I79I9 Mr Smith found proof 
of the faults in the coal strata of Gloucestershire and 
Somersetshire, being anterior to the new red marl, for the 
horizontal beds of that formation lie level over the inclined 
and broken planes of the coal system. In the north of 
England, the coal-works from Nottingham' to Aberford as 
well as those in Durham and Newcastle, indicate the same 
truth ; but yet it is to M. de Beaumont that we owe the 
impulse which has given the investigation of the ages of 
disturbances a distinct station in geological science. 

The data required for determining the geological age of 
a convulsion or disturbance of strata are simple, yet they 
cannot always be had with sufficient exactness. We must 
know what strata are^ and what are not, displaced by the 
disturbance in question. If, for example, it be found that 
along any axis of elevation, the set of rocks included in the 
gneiss, mica-slate, clay-slate, and greywacke slate sys- 
tems, JEure dislocated, but that none of the strata belong- 
ing to the carboniferous or other more recent systems have 



66 STRATIFIED AND UNSTRATIFIED ROCKS. 

participated in the movement, the conclusion is plain, that 
the disturbance happened before the deposition of the lat- 
ter rocks, but o^ the production of the former. If the 
undisturbed strata D, £, F b^ ednsecutive with the disturb- 
ed rocks A, B, C, the geological data of the occurrence is 
aecuraiely faced ; but if there be any chasm in this respect 
as A B— *— * E F, the limits of error are known, but the 
age of the fault is only approximately faced. See Diagram 

No. 11. 

Diagram, No. 11. 




The principal difficulty, however, lies in the procurement 
of any really sads&ctory data. If the disturbed strata be 
covered cdang the axis of movement by undisturbed de- 
posits, the data must be correct, though incomplete, and 
the conclusion must be admitted ; but this is a rare case ; 
most frequently the observations are individually indecisive. 
Certain o/e2er strata are seen to be dislocated with reference 

4 

to a certain axis ; other newer beds occurring in the vicinity 
are not seen to be disturbed ; if the observations can be re- 
pealed at many localities, not far removed from the axis, 
the nefgative may sometimes be sufficiently established. In 
such a. case it generally happens that the disturbed strata 
are sqmewhere or other found unconformed in dip or in 
direc^on on the surface to those which are presumed to be 
undisturbed ; on such evidence of unconformity, we might 
safely infer the geological dates of several great disturbances 
which have affiscted the Cumbrian slate district and other 
tracts in the north of England. 
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DESCRIPTIVE GEOLOGY. 




LEADING DIVISIONS. 



The history of the successive finrmation of the crust of 
the globe is so far like a narration of human events, that it 
admits of being placed in chronological order, and classed 
in periods more or less characteristic. Those periods are 
not at present reducible to the scale of historical time which 
is measured by the earth's rotation and revolution ; yet the 
sequence of events is in many cases perfectly ascertainable, 
and. something like a scale of relative time may be com- 
posed. 

The basis of geriogifipl chronology is the succession of 
stratified rocks ; the lowest are the oldest, and the upper- 
most are the most recent. Unstratified rocks present, no 
such series ; yet, by ^tiek connexion with the others, these 
also may firequently be referred to their true dates. Ou 
this account, the section of strata in any country is the 
foundation of all true and philosophical knowledge of its 
geolo^cal history. 

Sufficient time has dinned since the promulgation of the 
views of Weilner and Smith on thb suligect to allow of a 
just estimate of their respective merits ; both are amongst 
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the brightest names in geology. The principle oi geologi- 
cal time was very firmly adopted by both of these eminent 
men ; both produced sections of strata to form the scale of 
geological time ; Smith analyzed the English strata with 
masterly accuracy, — V^emeT grouped the rocks of Ger- 
many into large and comprehensive systems : the one esta- 
bli^ed the practice of local and exact research, the other 
encouraged a hope of arriving at general truths. Both of 
these are included in modem geology. 

The series of strata in Germany was grouped by Wer- 
ner, who in this was guided by earlier writers, under the 
heads of Primitive, Transition, and Floetz or Secondary 
rocks, terms which have been immeasurably censured, with- 
out sufficient reason. 

The primitive, or most ancient of the known strata, were 
supposed to be of crystalline origin, and to contain no or- 
ganic remains ; the secondary rocks to be mostly of sedi- 
mentary origin, and to abound in organic exuviae ; the 
transition rocks were defined by intermediate characters. 
At a later period, Cuvier and Brongniartfs researches round 
Paris, shewed the necessity of adding an upper term to this 
series of systems, viz. the Tertiary strata, which Werner 
had little opportunity of knowing. 

The Wernerian hypothesis . of the origin of the strata 
may, without hesitation, be rejected as entirely useless ; but 
his views of the leading groups of strata has had, and wOl 
long have, a decided and permanent influence in ge<^ogy. 
The term Primitive rocks, as implying more than we know, 
is replaced by Primary ; and Du Halloy and others have 
united with these the cognate Transition rocks of Werner. 
Thus we have at present three well understood divisions, — 
primary, secondary, and tertiary strata, — between which are 
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many transition strata, linking the whole into one compre- 
hensive succession, which contains all the monuments of 
mechanical, chemical, and vital phenomena open to the 
scrutiny of man. 

In the following pages we shall attempt to exhibit the 
progress made in decyphering these monuments in the or* 
der of their inscription : this, indeed, is not the progress of 
investigation, which rather begins with the things best 
known, proceeds from the recognised fiicts and laws of 
diurnal geology, and gradually encounters the increasing 
difficulties which beset the inquiry into the ancient revolu- 
tions of nature ; but our object is to state results in the 
smallest compass and most convenient order ; and this is 
only to be attained by following the stream of time. 



PEIMAEY STRATA. 

Primitive and great part of the Transition rocks of fFer- 
ner* 'inferior order of strata, Cont/beare, Agalysian 
rocks, Brongniart. 

Base of the Primary Strata, — Iirferiorly the primary 
strata rest on unstratified, generally granitic rocks, so situat- 
ed as to cut off all possibility of observation at greater 
depths. . This granite floor, — ^this universal crystalline basis 
to the stratified rocks, — appears in many instances (Glen 
Tilt in the Highlands, Skiddaw in Cumberland, Land's 
End in Cornwall, &c.) to have undergone ftision smc^ the 
deposition of strata upon it, for veins pass from it into the 
fissures of these rocks ; this may even be considered one of 
the most general truths yet ascertained in geology. Some 
theorists have proposed the hypothesis, that granite is only 
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a ^sed mass of stratified rocks. To this we shall again ad- 
vert> and at present shall only observe, that, whether that 
notion be true or false, it is enough for our present purpose 
that it recognises the general truth of the stratified rocks 
which are the products of water, resting universally on un« 
stratified crystalline rocks, which, through whatever previ- 
ous conditions their particles may have passed, have assum- 
ed their present diaracters firom the agency of heat. 

Igneous rocks, then, rest below all the. aqueous de- 
posits. 

NcUure of the Primary Siraia*-^The rocks included in 
this division may be referred to three principal types; 
Siliceous, Argillaceous, and Calcareous rocks< The most im- 
portant siliceous rocks are gneiss, composed of the minerals 
called quartz, felspar, and mica (with or without horn- 
blende, garnets, &c.) ; mica-slate, consisting of quartz and 
mica (with or without felspar, gamete, hornblende, &c.) s 
quartz-rock, composed chiefly of grains of quartz agghiti* 
nated in various degrees (with or without mica, &c) ; 
chlorite-slate, which, when highly quartzose, may be re* 
ferred to this division, but, when passing to day-slate, more 
naturally ranks with the next. Hornblende-slate has the 
same double relation. Sandstones occur in the npp^ parts. 

The argillaceous rocks are less varied: Clayndate, a fine 
grained, apparently simple, mass ; grauwacke-slate, of a na- 
ture intermediate between this and common sandstone ; 
grauwacke, a conglomerate of quartzose and other ^tig' 
ments in a basis of clay-slate ; various shales. 

The calcareous portions are somewhat remarkable among 
limestones^ for their generaHy crystalline character ; even 
the fossiliferous rocks have much of this feature, and all 
the older beds are really crystallized. (Garnet, mica, talpi 
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hornblende, augite, quartz, &c,^ sometimes occur in those 
portions.) 

Induration or consolidation to a high degree^ is a gene- 
ral property of these strata. There is> in &ct, no sand, no 
day, no marl, in the whole series. 

Succession of the Primary Strata. The different rocks 
named are naturally associated in particular groups, a&* 
cording to geological time, and consequently admit of be- 
ing usefully combined in artificial arrangements which pro- 
ceed on the same basis. Thus, amid many local variations, 
it is certainly true that rocks of the general type of gneiss 
and mica-slate He most frequently and abundantly at the 
base of the whole series, and contain no organic remains ; 
^t the coarser argillaceous, sandy, and calcareous rocks, 
become more abundant, in the upper parts of the series, 
and yield stores of organic exuvise^ both iof fj/mts ,and ani- 
mals. Between these extremes are found the depouts of 
clay- slate, chlorite-slate, &c« In. consequence we have 
the following' series of systems, or great aasemblages of 
strata, in the primary division (mcm^ae^ according to their 
geological date^ hut placed so aa to represent their relative 
ss^!)erpositiony 

3. Silurian system, sandstones,, limestones, shales, &c. 
with many fossib. 

. 2. Clay-slate, and greywacke-slate system, with some 
limestones and a few fossils. 

1. Mica-slate, and gneiss system, with crystalline lime- 
stones, and few or no fossils* 

GNEISS AND MICA-SLATE SYSTEM. 

Geogreqifhical Bxtent*^~~Ilardij any of the lofiy mountain 
ranges on the face of the globe are entirely devoid of rocks 
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of this system, uplifted upon an axis of unstratified granitic 
masses, so as to be inclined at high angles to the horizon. 
The great European basin is defined by irregular elevations 
of this kind from the Frozen Sea to the Atlantic ; by the 
Uralian and Caucasian chains, the ranges of Asia Minor, 
Greece, South Italy, and the Atlas ; the irregular west- 
em border of Spain, Ireland, the north of Scotland, and 
Scandinavia, is of similar structure. Within this area, the 
Sierras of Spain, the Pyrenees, the Alps, and many minor 
mountains, shew the extremely wide expansion of this old- 
est known system of stratified rocks. 

In the British Isles it is little known in England and 
Wales (about Snowdon and Skiddaw) ; but, in the Isle of 
Man, in ail the very mountainous parts of Ireland (Derry, 
Donegal, Galway, the south-western and south-eastern 
districts), in the Western Isles, Zetland, and all the High- 
lands of Scotland, it is the predominant class of rocks. 

Succession and Thickness of the Strata, — In the High- 
lands of Scotland the expansion of the gneiss and mica- 
slate system is extremely great, and the following general 
formula may be stated of the succession of the component 
rocks, it being always remembered that local variations oc- 
cur, which cannot always be reduced to a regular scale in 
a country where no organic remains can be employed to 
verify the inferences from mineral character. The thick- 
ness of these rocks is very great, even to miles, but cannot 
be accurately stated. 

Upper series. Chlorite-slates, apparently uniting the 
clay-slate and mica-slate deposits. No organic re- 
mains. It ranges on tlie whole south-east border 
of the Grampians, from near Aberdeen to Argyle- 
shire. 



GNEISS AND MICA-SLATB SYSTEM. 73 

Middle series. Micarslates, primary liinestone, quaxtz- 
rock, in various conibinaiions> the former by ^ the 
most predominant, the others oidy locally import- 
ant ; the limestone occurs in different parta .df the 
series. That of Loch Earn, Inverary, and Bala- 
hulish, is in the upper part, approaching to chlo- 
rite-slate ; that of Glen Tilt, and the vale of Loch 
Tay, is in the lower part. No organic' remains. 
This occupies a great part of the eastern and .south- 
em Highlands, north-west of Ireland. 
I^ower series. Gneiss, with primary limestone, quartz 
rock, homblende-slate,^ &c. Gneiss is the predo- 
minant rock, and varies much in all re^>ects ; the 
others are of local occurrence. Mica-slate alter-' 
nates with Gneiss. No organic remains. The gneiss 
series occupies nearly all the Hebrides, and very 
large tracts of the northern, and north-western 
Highlands. 
Primary Stratification, — The stratification of primary 
rocks is sometimes very evident and indubitable, as in the 
gneiss beds about Loch Sunart in Argyleshire, the lime- 
stones of Lodi £am and Balahulish, the mica-slate of 
Glen Crocy the chlorite-slate of Loch Lomond : but, in 
many cases, it is extremely difficult to pronounce a candid 
and just opinion whether a particular mass of such rocks is 
stratified or not. This arises from the causes which are 
found to produce partial embarrassment even among rocks 
of the secondary age. These are original peculiarities of 
stratifieatUmy and subsequent change of structure by mole- 
cular aggregation (imder the influence of heat or other ge- 
neral agency). 

The laminar and bedded structure of gneiss, mica-slate, 

G 
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chloiite-slate, and primary Hmestone, is always more or 
less proportioned to the admixture of ingredients, just as in 
common sandstones, which are changed to flagstone by 
abundance of mica, but a^;regated into masses of great 
thickness where this is absent. Besides tliis cause of varia- 
tion, common to all siliceous and argillaceous rocks, there 
is a singularity in the lamination of gneiss, and the schistose 
rocks analogous to it, which seems to indicate that some 
peculiar agency different from the ordinary diffusive influ- 
ence of water was concerned in producing it. Contortions 
in the laminae of these rocks are so prevalent, as even al- 
most to be exclusively characteristic of them. It is easy 
to see how such peculiar arrangements of the surf|u:e of 
lamination, and the occasional entire extinction of those 
surfaces, may, in fact, render it extremely doubtflil whe- 
ther the rock is in any respect stratified, because, in many 
instances, where the beds or strata are very ihicky no other 
clew is to be found than that afforded by the lamina^ which 
generally are, but yet (as in common sandstone) often are 
not parallel to the planes of stratification. 

There are, however, yet other causes which tend to con- 
fuse the evidence of stratification. In the neighbourhood 
of igneous rocks (granite, porphyry, &c.) the gneiss, and 
other similar rocks, seem to have undergone some altera- 
tions. MacCulloch assures us, that the contortion of the 
laminae of the rocks augments near the granite veins, quartz 
veins, &c.> and our own observations in Argyleshire lead to 
a partial adoption of this view. Another thing of importance 
has been noticed by Mr Weaver (Geol. Trans.) concerning 
alternation of i^ly granitic beds with ordinary gneiss in 
Ireland. Whether these be uUen^ gneiss, or interposed 
granite, is not material to the present discussion, if there 
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be, fVom whatever cause, such alternations of really crys« 
tallized and sedimentary rocks, the result must be a blend- 
ing of the characters of the two classes of rocks, and the 
stratified structure may wholly vanish in particular tracts, 
through the local influence of heat. 

Another very general cause of difficulty in determining 
the stratification of primary rocks arises firom the changes 
of structure introduced among them since their deposition. 
The contraction of these, as well as of other rocks, has oc- 
casioned the production of a multitude of divisional planes 
or joints variously related to the surfaces of stratification, 
and often, especially in the finer grained and laminated 
rocks, assuming an admirable symmetry of direction and 
inclination. Thus tabular and other regular structures ap- 
pear in the stratified primary rocks, which arrest the at- 
tention, and add a new cause of embarrassment. 

What, then, is the fruit of all this discussion ? It is the 
conviction that the gneiss, mica-slate, primary limestone, 
quartz-rock, &c. are stratified rocks; the most important 
evidence being the alternation of these difierent rocks, and 
the lamination of different substances in them, but that 
the causes which tend among all rocks to complicate the 
stratification with new structures, have gone to the maxi- 
mum in these the oldest of all ; the principal of these causes 
being heat, either locally exhibited in the neighbourhood 
of igneous crystallized rocks, or generally pervading the 
whole mass of deposits. 

ConqtosUion ofGneisSy Mica'SUUe^ Quartz-'Hocky ^c. — 
The views just advanced of the changes of structure su- 
perinduced on these rocks, lead us to an explanation of 
what seems at first an extremely perplexing circumstance 
in the history of primary strata, — their crystalline or pseudo- 
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crystaDine texture. Primary limestone is both stratified 
and crystallized. Gneiss and mica-slate are stratified, and 
yet they often closely resemble granite, whidi, because it 
is crystallized and not stratified, is ranked among rocks of 
igneous origin. 

The case of limestone is soon settled. It is known, that, 
in contact with igneous rocks, the chalk of Ireland and 
the limestone of Teesdale, are turned to crystallized carbo- 
nate of lime ; and experiments in the laboratory have left 
no doubt of the propriety of referring this crystallization of 
the limestone to the mere agency of heat and pressure. 

The primary limestone is therefore crystallized, because 
it has been subject to high temperature, perrading, of 
course, all the rocks with which it is associated. But it oc- 
curs with nearly all members of the mica-slate and gneiss 
systems. All those rocks then have suffered the influence 
of heat. 

In like manner, experimental proof has been offered by 
the chemist, that quartz-rock is merely sandstone altered 
by heat, as had been inferred from phenomena at the con- 
tact of such rocks, with the basalt and greenstone in Salis-. 
bury Craigs, Teesdale, and Shropshire ; and thus we find 
reason to believe that some of the characters by which: 
gneiss and mica-slate approach to granite, are owing to. 
their having experienced considerable influence of heat. 
It is not, however, necessary to attribute to this heat.more 
than the cementation of the grains of mica, quartz, felspar, 
&c., just as happens in quartz-rock. Some minerals may, 
perhaps, have been really generated by the heat (as happens 
to garnet near trap-dykes) ; but, in general, examination of 
the ingredients of gneiss, mica-slate, &c., shews the mi- 
nerals, to be really worn and fragmented crystals not very 
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different from those in common sandstones, which have in^ 
deed regular internal structure, but not a regular external 
geometrical form. Six-sided tables of mica can seldom be 
seen in gneiss or mica-slate ; the pyramids of quart2 havi^ 
lost their angles, and the prisms of felspar their edges. 
Sometimes, it is true, the degree of wearing which the 
particles have suffered is very slight, and many considera* 
tions render it probable that the circumstances under which 
they were accumulated, differed materially from those 
which produced the sediments of the secondary geological 
esra* According to these views, then, gneiss, mica-slate, 
&c &c., though really stratified rocks, present greater re* 
semblance than others to the granite rocks, because they 
are composed of granitic detritus, which has been only par* 
tially water-worn, and aggregated under the influence of 
high temperature, which has given a peculiarity to the mo- 
lecular constitution, generated new minerals, and introduced 
symmetrical structures, which complicate or predominate 
over the traces of laminar and stratified aggregation. 

Absence of Organic Remains, — The opinion, early intro« 
duced into geology, that the lowest stratified rocks are de- 
ficient in organic remains still holds its ground, and still 
appears to support the rather questionable separation of the 
gneiss and mica- slate system firom the superior slate de- 
posits, under the name of primitive rocks. 

MacCulloch, indeed, states that organic remains ( Ortho" 
ceraUt) occur in limestone l3ring in the gneiss tract of Lioch 
Eribol, in Sutherland ; and in the German translation of 
De la Beche's Manual (by Von Dechen), we find examples 
quoted firom Hoffman of fossils occurring among gneiss and 
mica-slate in the Erzgebirge and Fichtelgebirge. 
^ The fossils lie, indeed, in greywacke ; but this is stated- 



78 PRIMARY STRATA. 

to be really and cleariy inclosed between beds of gneiss, 
mica^slate, &c. 

A particular view on this subject has been gradually in- 
troduced into geological hypothesis, viz. that the mineral 
and structural character of gneiss, mica-slate, &c is pro- 
ducible by long continued action of heat upon siliceous 
and argillaceous strata of any age. Thus in the Col de 
Balme the lias is supposed to have been metamorphosed 
into chloritic and micaceous rocks, analogous to those of 
the mica-slate. Those who adopt such views find it easy 
to escape from the difficulty presented by MacCuIloch's and 
Hofiman's observations ; but without entering on the sub- 
ject at present, it is right to mention that the researches of 
Sedgwick and Murchison on the spot indicated by MacCul* 
loch failed to confirm his testimony, and that in the moun- 
tainous border of the basin of Bohemia, as in every such 
range, apparent enclosures of fassiliferous greywajcke^ he* 
iween gneiss and mica-slate, is hardly a case of sufficient 
importance to negative the universal result of direct re- 
searches, which all go to establish as a fact the total ab- 
sence of organic remains from the whole of the gneiss and 
mica-slate systems. Is this absence of all traces of orga- 
nic Ufe to be admitted as proof that the globe was at that 
period imfurnished with the beautiful and wonderful va« 
riety of plants and animals adapted to the land, the air, and 
the sea, or may we. suppose such did exist, but that their 
reliquiae were never entombed in tlie rocks, or if there de- 
posited, have been destroyed by subsequent alterations of 
their molecular constitution ? 

Igneous Rocks — Veins. — Besides the irregular granitic 
floor upon which all the gneiss and mica-slate system rests, 
and from which at many points veins or interspersed beds 
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pass Up into these strata, many other masses of pyroge- 
nous rock have been forced among the gneiss and mica* 
slate, so as to constitute dykes or irregular masses of large 
extent. Thus porphyry, greenstone, basalt, and other 
crystallized rocks are found mixed with the gneiss and 
mica-slate in various parts of the Highlands, Hebrides, and 
Zetlands. Of these the most frequent is porphyry, which 
indeed forms a very large region in the vicinity of Ben 
Nevis and Glen Coe, and is also abundant in Ben Cfruachan, 
both in great masses and in dykes variously associated with 
granitic veins. It is perhaps, not proper to describe the 
serpentine of Portsoy as forming dykes, for its vertical 
masses appear conformable to those of the mica-slate, 
quartz-rock, limestone, &c. so as rather to correspond with 
the notion of an interposed bed. 

Metalliferous veins occur, but not plentifully, in the 
gneiss of the Highlands. At Strontian the lead veins 
have been long celebrated ; they range east and west and 
north and south : copper also occurs in the vicinity. Such 
veins appear still less common in the mica-slate. 

CLAY-SLATE AND ORBYWAGKE-SLATB SYSTEM. 

Geogrtq^hicai Extent. — Few moimtainous districts are 
wholly devoid of argillaceous primary rocks ; but these 
deposits are not at all to be compared in extent with the 
older mica-slate and gneiss formations. If we look to the 
continent and islands of Europe we shall find a singular re- 
ciprocity in the distribution oi these members of the &- 
mily of primary rocks. The gneiss and mica-slates of the 
Alps, Pyrenees, and mountain borders of Bohemia, are not 
indeed entirely unaccompanied by such argillaceous depo- 
sits, any more than the Scandinavian and Highland chains, 
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and the north-western primary tract of Ireland ; bot the 
principal masses of the day-slate system lie apart in the 
Harz and the Ardennes, in Brittany and Cornwall, the 
We^h and the Cumbrian mountains, and the ranges of the 
Lammermuir and Donegal $ yet under all these slate tracts 
lies the fundamental granite, and similar veins pass from it 
into the argillaceous covering. In some parts, as in Cumi> 
berland (Skiddaw), and in the Isle of Anglesea, slight 
traces of the older stratified rocks appear below the clay- 
slate, but the general fact appears to be that the deposition 
of the two systems was influenced by different physical 
conditions related to different geographical centres. 

Succession and Thickness, — The districts of Britain in 
which the clay-slate system unfolds into the greatest va- 
riety of formations are the Cumbrian region and North 
Wales. The recent researches of Sedgwick and Murchi- 
son in Wales permit us to unite the sections of the princi- 
pality with those of Cumberland, and thus to offer a nearly 
complete series of the members of this great mass of deposits. 
As before we place the groups in the order of superposition. 

Upper Groupi or Cambrian Rocks {^Sedgwick), 

consisting of 

Plyrdymmon Rocks. — Hard, fine, sandy, or coarse greyr 
wacke and grauwacke- slate (without organic remains?), 
which is locally productive of roofing slates, and generally 
traversed by an extraordinary abundance of symmetrical 
fissures. Wales, Cumberland, and Westmoreland, the Lam-, 
mermuir Mountains, Donegal Ranges, borders of Dartmoor, 
North Devon, Cham wood Forest Thickness in the Cum- 
brian tract 3000 feet at least 

Bala Limestone. — Dark, slaty, calcareous rock, various-^ 
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ly associated with the slate, and locally rich in organic re- 
mains, both in Wales and Westmoreland. Limestone of 
nfracombe and North Devon? of the Harz, Norwayi 
Brittany, &c.? Thickness in Westmoreland 100 feet. 

Snowdon Rocks. — ^In this division are rocks of various 
colours, green, blue, purple, &c., and fine or coarse grain. 
Good roofing-slate abounds, and the peculiar fissility called 
cleavcige^ on which it depends, is very general in all the 
mass of rocks, which are some thousand feet thick both in 
Wales and Cumberland. In both districts also the sedi-. 
mentary rocks iure much intermixed with porphyries and 
greenstones, both in seeming beds and dykes, and many 
parts of the slaty rocks themselves are really amygdaloidal, 
or else composed of firagments of porphyry and other ig- 
neous rocks. No organic remains have been found in the 
Cumbrian district, but they occur in Snowdon^ Thickness 
in Cumberland 3000 feet at least. 

Lmver Grwxp^ or Cumbrian Rocks (^Sedgwick). 

Clay-Sldte. — TMs is a. singularly uniform mass of lami- 
nated argillaceous rock, of a dark colour and smooth tex- 
ture, with vertical cleavage and symmetrical joints. It is 
devoid of organic remains. 

Chiastolite" Slate differs hardly at all firom the preceding, 
except by including crystals of chiastolite and hornblende. 

Hornblende-Slate. — This is very different from the rock 
so named in Glen Tilt, for its basis is (:lay-slate with inter- 
mixed crystals of hornblende or actynolite. 
. These three divisions may be above 3000 feet thick in 
Cumberland. 

Strati/ioation.'^Tlaa structure is very evident in some 
parts of the day-slate system, but very indistinct in others* 
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Thus in Cumbeirland it would be a difficult thing to say 
what were the planes of stratification in the Skiddaw 
slates, but for the assistance of the chiastolite slates be^ 
neath, and the red argillaceous rocks of Derwenfwater 
above. The planes of stratification thus judged of appear 
to rise to the north-west toward an axis passing firom 
Caldbeck Fells south-west to Egremont. The same direc- 
tion and dip pf strata is to be inferred firom the interposed 
limestone beds of Coniston Water Head (Bala limestone), 
and it is confirmed by minute examination of the alterna- 
tion and gradation, of the different sorts of slate. 

But, certainly, on a general view of the country, the 
stratified structure is far firom evident ; so that many per* 
sons, impressed by the remarkable structure called cleavage 
which traverses nearly in vertical planes the surfaces of 
stratification, and the symmetrical joints which divide the 
rock into prismatic masses almost pf geometrical regularity, 
leave the district under the impression that it is not at all 
'stratified. 

The same remarks apply to the slaty tracts of Cornwall 
and Wales, in which, especially the latter, both cleavage 
planes and symmetrical joints predominate over the strati- 
fication. That these structures are of later date than the 
stratified structure, is evident when we compare primary and 
secondary districts, for in the latter symmetrical joints 
pass through imbedded organic remains, and through many 
alternating sedimentary strata. 

They are in fact superposed structures, and finm what is 
known of the introduction of similar structures into ordi- 
nary clays and shales by the side and in the vicinity of 
igneous rocks, independent of general considerations, such 
as the high degree of induration of these rocks, there is 
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little doubt that the agency of heat is the general, cause of 
these phenomena of structure* Argillaceous slaty rocks 
deposited from water^ like common days and shales, still 
retain traces of their original stratification, but they have 
undergone generatty those changes depending on pervading 
heat, which later secondary rocks of similar original nature 
have experienced locally near the granitic region of the 
Col de Balme, near the Whin-Sill of Teesdale, and the whin- 
dyke of Coley HiU. 

The Chemical and Mineralogieal composition of these 
rocks is very analogous to that of common clays and shales ; 
but the frequent admixture of igneous rocks, both in inter- 
posed beds and dykes, and the local metamorphism of the 
slate rocks, so as to assume amygdaloidal (Cumberland) and 
porphyritic (North Wales, Cornwall) structures, renders 
their exact origin a very interesting .-and unsettled subject 
of speculation. 

Organic Remains^ as previously observed, are (except in 
Snowdon and at Tintagel in Cornwall) almost confined to the 
limestones whidi interlaminate the slates. These are yet 
very imperfectly known. In the Cumbrian limestone oc- 
cur calamoporse, lithodendra, cyathophylla, orbicula, and, we 
believe, a much greater variety in the limestone of Bala. 
Some organic remains also occur in the coeval limestones of 
Devonshire. The Norwegian limestones, probably coeval, 
are by far richer in zoophyta, crinoidea, and conchifers. 

Igneous Bocks^ Veins, Sfc. — Granites, sienites, porphy- 
ries, and greenstones, are plentifully associated with the 
slaty rocks of Cumberland and Westmoreland, about Hel* 
vellyn, High Pike, Borrowdale, Wastwater, Ennerdale, &c., 
the granitic rocks, generally in great masses, which have 
burst through the slates, — ^the porphyries and greenstones 
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often interposed in partially conformable layers or passing 
through the rocks in dykes. Similar facts occur in the 
Lammermuir, in the Snowdon ranges, and the i^lates of 
Cornwall and Brittany ; and in many cases the porphyritic 
beds have been subjected to the same disturbances as the 
slat3s in which they are interpolated. 

The mineral veins of the Cumberland district pass gene- 
rally east and west (rarely north and south), and yield sul* 
phuret, carbonate, phosphate, arseniate, &c. of lead ; sul- 
phuret, carbonate, arseniate, &c. of (topper ; ores of iron, 
zinc, manganese, &c. 

Those of Cornwall and Brittany have generally east and 
west courses, and north and south cross courses, with in* 
termediate or quarter point veins. Ores of copper, tin, 
lead, silver, cobalt, antimony, bismuth, &c. abound in the 
rich tract of Cornwall. Similar statements apply to Brit- 
tany. The Snowdon and Cardiganshire chains yield lead 
and copper ores,, also in east and west veins principally. 
The Harz is also a very metalliferous range. 

It appears to be true as a general rule, that it is the 
Snowdon series or lower division of the Cambrian group 
which in Wales and Cumberland is the most highly metalli- 
ferous. In Cornwall, the lower portions are the richest, 
but nowhere, we believe, is the uppermost series of Plyn- 
lymmon rocks remarkably rich in metallic veins ; for ex- 
ample, the Lammermuir, the south-east of Westmoreland, 
Charnwood Forest, the middle of Wales, part of the upper 
slates of Cornwall and Devon. 

SILURIAN SYSTEM. 

Geographical Extent. — It is to the labours of Mr Mur- 
chison, in South Wales and the bordering counties, that we 
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are indebted for a clear knowledge of the relationfr of this 
great mass of rocks^ which were but pardally noticed, and 
never consistently arranged by preceding writers. It is 
still to the district which he has worked, and specially to 
the counties of Hereford, Radnor, Brecon, Carmarthen, 
and Pembroke, that we must look for the most complete 
development of it yet made known. It does occur In 
Westmoreland and the Craven district of Yorkshire, and 
probably also in the southern primary tract of Ireland, be- 
tween Waterford and Bantry Bay. Ther,e appears good 
reason to believe that part of the slaty rocks and limestones 
of the Harz and Norway, as well as the Eifel limestones, 
belong to it» Judging from organic remains which we have 
seen, it appears not unlikely that large tracts in the northern 
parts of the United States and Canada belong to this system. 
Succession of Deposits and Thickness, — ^Mr Murchison's 
views on this subject, afier mature reflection, appear finally 
to have settled into the following intelligible classification, 
which, however, can only be considered as loccdly applica- 
ble until the more extensive investigation which these rocks 
deserve in other districts, shall determine the general cha- 
racters of the deposits. The order is that of superposition. 

Upper Silurian system^ consisting of — 
The Ludlow rocks, 2000 feet in thickness, which are 
composed of three groups, viz. 

A. Upper Ludlow rock, an assemblage of slightly mica- 
ceous, grey, thin bedded limestones and shaly beds, 
containing a very great abundance of fossil shells, 
chiefly belonging to brachiopoda ; some trilobites 
occur in it. 
. g. Aymestry limestone, a subcrystaUine grey and blue 
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argillaceous limestone, full of pentamerus Knightii, 
and other brachiopoda ; some corals «lso occur. 

f* Lower Ludlow rock, a series of sandy, liver, and dark- 
coloured shale and flag, with concretions of earthy 
limestone ; the organic remains are various and nu- 
merous. 

The Wenlock rocks, &c. 1800 feet thick, including — 

€. Wenlock, limestone, a highly concretionary grey and 
blue subcrystalline limestone, singularly rich in par- 
ticular genera of corals and crinoidea, brachiopoda ; 
certain gasteropoda and polythalamic cephalopoda, 
and trilobites, are very plentiful in the Welsh, Sa- 
lopian, and Dudley limestone, the same species 
occurring also in the Eifel and partially in the Harz, 
Norway, Russia, Brittany, and North America. 

d, Wenlock shale, a liver and dark grey-coloured rarely 
micaceous shale, with nodules of earthy limestone ; 
trilobites, brachiopoda, orthocerata, &c. occur in it. 

Lower silwnan system^ consisting of — 

The Caradoc rocks, 2500 feet thick. 

c. Thin bedded, impure, shelly limestone, and finely 
laminated, slightly micaceous, greenish sandstone ; 
with pentameri and other brachiopoda. 

h. Thick bedded, red, purple, green, and white freestone, 
conglomeritic quartzose grits, sandy and gritty lime- 
stones, brachiopoda, trilobites, &c. 

The Llandeilo rocks, 1200 feet thick. 

a. Dark coloured flags, mostly calcareous, with some sand- 
stone and slate. Asaphus Buchii, and other trilobites. 

In tracing from Shropshire and Radnorshire the courses 
of these various rocks to the west, it is found that the lime- 
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Stones lose their thickness and importance, and the dis- 
tinctions of the several groups become, from that and 
other causes, less easily followed. This variation of nu- 
merical division is common to all the systems of stratified 
rocks : it leads us to doubt the i^plicability of minute sub- 
divisions, however well conceived and locally exact, except 
for small geographical areas. In searching for the conti- 
nuity of such systems we may conveniently follow rather 
such leading divisions as upper and lower Silurians, though 
it is very probable that these will be often undistinguish- 
able, especially as the development of the limestones (which 
in this, as in all other stratified systems, offer the most de- 
cided characters) is unequal and irregular. 

STRATIFICATION AND ORGANIC REMAINS. 

At this stage in the series of deposited rocks, all doubts 
and difficulties as to the fact of their complete stratification 
vanish entirely. In the alternation of sandstones, shales, 
and limestones, many of them fossiliferous, the fossil shell» 
and Crustacea, &c. differing in the different groups, what 
do we recognise, but the very same principle as that which 
was detected by Mr Smith's researches among the oolites of 
Bath ? It is this close analogy between deposits so far dis- 
tant in geological date as the superior primary and middle 
secondary rocks, which constitutes the great interest of Mr 
Murchison's researches. We, who have known, step by step, 
the whole progress of his researches, claim the results as be- 
ing peculiarly illustrative of the modem school of geology, 
which in all its investigations strives to detect, by a close in- 
quiry into certun classes of phenomena among rocks of diffe- 
rent ages, the unchangeable influences of nature. But there 
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is another point of view in which the Silurian system demands 
our especial attention. 

It i^pears highly probable that the organic remains of 
this ancient system are sufficiently numerous to justify sa-' 
tisfactory inferences on points of the greatest importance 
in the philosophy of geology. 

. In the first place, we must observe that these reliquise^ 
though perhaps specifically difierent from those in the older 
limestones and other fossiliferous rocks of the day-slate 
system, are mostly congeneric, of analogous structure, and 
similarly distinct from existing forms of life. There is 
evidently such an agreement of mineral and organic cha- 
racters between the silurian and day-slate systems, that 
both must be admitted to have been deposited under cir- 
cumstances depending on the same or very similar physical 
conditions. That system is so linked with the mica-slate 
and gneiss, that the whole mass of primary strata may be^ 
conceived to be theresult of physical conditions, gradually or 
periodically variable, but not suddenly interrupted* It ap- 
pears that, in the deposition ef the subcrystalline gneiss 
and mica-slate rocks, mechanical agitation of the ocean was 
rare and slight ; and that, on the contrary, in the highest 
group of the primary strata, the sandstones and conglome- 
rates indicate frequent and considerable watery disturbaince. 

Nearly in the same ratioj the monuments of organic life 
appear and grow numerous, the limestone bands become 
more regular and continuous, the stratification less com- 
plicated by superimposed structures, and the characters of 
secondary strata appear. 

It was dierefore not imphilosophical in Werner to pro*- 
pose for these formations, and some of those ^ready rank- 
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ed in the clay-slate system, the term Transition rocks: such 
in truth they are ; yet the term will probably fall into dis^^ 
use, because the enlarged views of modem geologists have 
led them to recognise in all the varied mass of stratified 
rocks, only one long, though locally interrupted, series^ 
every term of which is really transitive^ connecting the 
earlier and later formations. Of this abundant proof 
will be found by every inquiring geologist. 

The organic remains of the silurian system are most 
abundant in the limestones (e, g. Wenlock and Aymestry 
limestones) ; in calcareo-argillaceous layers (e.g. Builth and 
Llandeilo flags) ; or in layers of shale and sandstone asso- 
ciated with such calcareous deposits. The same is true 
(in a general sense) in the secondary strata, and, as far as 
examples can be quoted, it is also triie in the lowest pri- 
mary strata. The remains of polypiferous zoophyta, occur 
almost exclusively in the limestones ; this is true for all 
the primary strata. The corals of the Wenlock and Dudley 
limestone, and those of the contemporaneous limestone of the 
Eifel, are aggregated in such forms as to suggest, though per-^ 
haps not to establish, the notion of these rocks being in fact 
ancient coral reefs. Crinoidea are less plentiful in these lime- 
stones than in some of later date : the brachiopoda and other 
moUusca, and also the trilobites, occur in the calcareous, ar-- 
gillaceous, and arenaceous rocks. Remains of fishes have 
been observed, even abundantly, but no traces of reptiles. 
The character of induration or consolidation is lessremark-* 
able in tliese strata, than in all the rest of the primary rocks.- 
The sandstones are, however, seldom soil ; the argillaceous 
beds' are shaly or slaty, and the limestones still subcrystalline. 
Igneous rocks are associated with different parts of thc^ 

H ^ 
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Silurian system, under circumstances of .great interest, 
Uiough the geological date of their irruption can seldom 
be determined exactly. Mr Murchison, in describing them, 
adopts the convenient plan of referring them to their seve- 
ral parallel anticlinal or disruptive axes, and diaracterizlDg 
the nature of the igneous rocks and their effects upon the 
neighbouring strata. North of the Severn, Lilleshall Hill, 
the Wrekin, Charlton Hill, &c. mark parallel axes ranging 
firom N.£. to S.W. and piercing through beds chiefly of 
the Caradoc rocks, the sandstones of which are converted to 
quartz-rocks at the point of junction of the tri^. The ridge 
of Caer Caradoc contains many varieties of felspar rock, gra- 
nite, and greenstone, and actynoliUc amygdaloid. 

On the flank of this axis of violent elevation, sandstones 
f^e converted to quartz-rocks, and particular strata occur 
composed of the materials of igneous rocks, the origin of 
which the author ascribes to subsidence of volcanic matter 
in water, and calls volcanic sandstone. 

The mining district of Shelve, is an isolated tract sepa- 
rated from the Linley and Longmynd Hills by the remark- 
able ridge of quartz-rock, called the Stiperstones. It is 
made up of parallel ridges of trap and alternating depres* 
sions in the lower silurian rocks. Some of these trappean 
rocks alternate conformably with the stratified deposits, 
and are supposed to be of contemporaneous origin, and 
partly of the nature of the volcanic sandstone previously 
noticed ; others are of the ordinary character of irrupted 
trap. Veins of lead-ore occur in the greywacke, near the 
junction with Che trap. 

The Breiddin Hills are formed in ridges running from 
£,N.£. to W.S.W. The eastern, or chief ridge, contains 
compact felspar rocks, slates, porphyries, greenstone, &c. 
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they burst through upper Silurian rocks. The other main 
ridge contains chiefly columnar greenstone. 

The Old Radnor group contains abundance of hypers- 
thene, and passes from this to a fine grained greenstone. 
Near Old Radnor church, .the upper Silurian rocks are dis- 
located, and bands of imperfect serpentine occur betweeir 
the trap and the limestone, which near the contact is wholly 
unstratified, crystalline, and hard ; the shale is also harden- 
ed to a slaty substance : coatings and nests of anthracitei 
with minute metallic veins, appear . near the junction. 
Other groups of trap^ near Builth, range from N.£. to 
S..W., and resemble in many respects the rocks of the 
Shelve district Other occurrences are noticed in Breck- 
nockshire aud Caermarthenshire, and from the whole in- 
vestigation, we find in the rocks which have been irrupted 
into these silurian strata, in their effects on the surround- 
ing strata, in the alternation of pseudo-volcanic sand- 
stones, and in the mineral springs which accompany the 
ridges of trap, not only the usual analogies to the effects of 
heat, but special resemblances to that form of the igneous 
action which is exemplified in volcanos. The facts are 
generally of the same order as those noticed among the 
older slates of the Lammermuir, Cumbria, Snowdonia, but 
more exactly and defimtely traceable. 

The circumstance of the dependence of the metallic veins 
on the axis of igneous rocks, in the Shelve district, is an ex- 
ample on a small and distinct scale of what is seen in Cumber- 
land, Snowdonia, and most of the great mountain chains of 
Europe (of all geological ages). For it is a general truth, that 
metallic veins Abound in proportion to the proximity o^ the 
situation to axes of dislocation, and irruptions of pyrogenous 
rock— a view first positively advanced by M. Necker. 
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GENERAL VIEWS CONCERNING PRIMARY STRATA. 

The primary formations have so much of parallelism to 
each other, so much conformity of position, as to indicate 
long periods undisturbed by great convulsions. It is true, 
that among the old slates of Cumberland, between th^ 
Skiddaw and Snowdon series, a red conglomerate rock 
occurs, and seems- to prove local disturbance ; but this soli- 
tary exception rather suggests the commencement of that 
volcanic i^ency which in the period of the deposition of 
the Borrowdale and Langdale slates was very frequently 
exerted. Among the silurian rocks, conglomerates also 
occur, and seem to imply that part of the older Snowdonian 
and other slaty rocks were previously raised up to be ex- 
posed to atmospheric action ; but yet the conformity of the 
Silurian and Plynlimmon rocks, seems to forbid the notion 
of any grecU conviUsians^ though it may not at all a£Eect the 
question ofgradiud elevation of part of the older rocks. 

However, it is certain^ that in the later part of the. 
primary period, or perhaps after its close, great and general 
disturbances happened, which in many parts altered the 
aspect of the globe, by raising up large tracts of land^ and 
dividing the expanded ocean by a multitude of mountain- 
ous islands. Without entering into a wide field of inexact 
discussion, we may dwell on some facts of this nature which 
have come to light concerning the ancient hydrography of 
the British islands. 

It is remarked of the Grampians, that their elevated 
ranges no where include any masses of secondary strata, 
though round their flanks tliese rocks spread very widely 
and on all sides ; they rest on the gneiss of Sutherland, 
mica-slate of Argyleshire, chlorite slates of Perthshire, &c* 
and in general appear in such relations to the ancient rock| 
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as to indicate that these had stood up above the ocean in 
which the carboniferous system was afterwards formed. 

In studying the Lammermuir ranges, which are comr 
posed of slaty rocks less ancient than any in the Highland 
chains,. the same old red sandstone border is found as that 
which encircles the Grampians, and under the same rela-» 
Uons. These mountains, then, were also raised, though 
not to their present elevations, before the commencement 
of the carboniferous era. Now, it is very remarkable, that 
the Grampians and Lammermuirs are nearly parallel, both 
ranging nearly north-east : both are prolonged (across the 
channel) into Ireland, the former reaching Don^^al, and 
the nortli-westem projection of Ireland, the latter entering 
by Donaghadee on the eastern coast of Ireland, and prOf^ 
ceeding inland to Cavan. In Ireland these prolonged 
ranges also shew the same independence of the carbonife- 
rous deposits ; and the same results apply to the souths 
east border of the island. 

Again, the same north-east range accompanies the slaty 
rocks of the Isle of Man, and it is recognised in a very dis- 
tinct manner in the insulated and romantic district of the 
English Lakes. The axis of these slaty tracts passes north- 
east and south-west ; and the nearly circular mass of pri- 
mary strata is begirt by a belt of later red sandstone, lime- 
stone^ &c., all evidently unconformed to the axis of the 
slates. The date of one of the elevations of the Cumbrian 
slates is thus probably fixed before the commencement of 
the carboniferous era. 

The slaty ranges of North Wales have the same direc- 
tion, north-east and south-west ; they are also, probably, 
or rather certainly, anterior in elevation to the commence- 
ment of the carboniferous epoch ; and, finally, the axis o^ 

6 
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the Cornish and South Devon slates has the same general 
direction, and these rocks, probably, were elevated before 
the deposition of the carboniferous system. 

Most of these mountains have an axis of granite and 
other pyrogenous rocks. Thus, a great number of parallel 
mountain ranges were produced by disturbing movements 
within one geological period, the result being, in each case^ 
one, or a number of anticlinal axes, in each physical re- 
gi<Hi, parallel to each other. It .is impossible not to be 
struck with the probability thus arising, that, in the direc- 
tion of convulsive movements, some regular laws are dis* 
coverable. In fact, if we were to be satisfied with one in- 
stance, this north-east direction among so many presumed 
contemporaneous elevations would establish the truth of £lie 
du Beaumont's hypothesis, which would have us recognise, 
as a principle capable of practical application, that parallel 
mountain ranges belong to the same era, and the same exer<t 
tion of disturbing forces. This must be, however, subjected 
to further and more rigorous trials before it can be adopt- 
ed among the admitted generalizations of inductive geology. 

Though it thus appears evident that many of the most 
marking characters of British physical geography have so 
old a date as disturbances anterior to the carboniferous 
system, yet, on the continent of Europe, this is by no 
means the case ; for the Alps, Pyrenees, Carpathians, and 
Apennines, are of more recent date, and, at the time when 
the Grampians sent streams and detritus to straits where 
now the valleys of the Forth and Clyde meet, the greater 
part of Europe was a wide ocean. 

The state of the globe during the period of the produc- 
tion of the primary strata may never be Ailly disclosed by 
geological inquiries, aided by higher departments of know- 
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ledge : yet, as a view of the successive conditions of the 
globe, however imperfect, constitutes the very essence of 
philosophical geology, it is necessary to ascertain what pro- 
gress has been made in this dark research into some of the 
earliest natural records of creation* It is remarkable that 
the lowest of all the known systems of stratified deposits 
should be at once the most extensive, the most nearly uni • 
versal, the most uniform in mineral character, the only one 
from which organic life appears to be totaUy excluded» 
and in which the character of mechanical aggregation is 
the most obscure. Most of the circumstances are originali 
though the latter has been apparently influenced by super- 
posed structures, due to subsequent agencies. Can we 
hesitate to admit that the globe was then in a condition 
which has never since occurred to it ? Does it not strike 
the mind as a reasonable hypothesis, that the ocean was, 
during the period when gneiss and mica-slate were form- 
ed, unfitted, by some peculiarity of condition, for the supr 
port of living beings? Such peculiarity, to judge firom the 
deposited rocks, was not of a chemical nature, for these 
are not of a description to countenance such an opinion ; on 
the contrary, the gradual introduction of fossil exuviae in the 
superior strata, till at length, as we ascend in the scale of 
rocks, they are unfolded in great abundance, seems to point 
to some slow change of a pervading physical condition. 

In accordance with the undoubted truth of the general 
expansion of rocks of igneous origin below all the stratified 
masses, we naturally inquire if the agency of subterranean 
heat is of a kind to account for the phenomena observed* 
It is obvious that, when and wherever the supposed high 
subterranean temperature was implied most directly to 
the base of the ocean, so high a temperature would be 
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maintained therein, as to be incompatible with the exist<» 
ence of oi^anic beings ; changes would be produced upon 
the igneous rocks in an expanded thermal (agitated) ocean, 
quite different from those occasioned by lateral movements 
in later times through narrower channels of cooler water. 

It doetf not i4>pear improbable that a hydrothermic acr 
tion, of the nature suggested, may be found suffident to 
account for the remarkable resemblance between the (pri* 
mitive) granitic, and the (derivative) gneiss rocks, — ^their 
almost universal difiusion, — ^the singular undulated lamina* 
tion, rather than stratification, which belongs to so many of 
the older primary rocks, — and the absence of organic life ; 
while, as the form of the globe was changed by subter- 
ranean disturbances, and mechanical agencies arose to im- 
portance, the sea received partial deposits from emerging 
lands into its contracted and variously ramified basins, and 
the communication of heat from below was sufficiently re- 
tarded by the intervention of solid rocks (gneiss, &c.) to al 
low, at least partially, temperatures suited to particular races 
of animals. It appears somewhat in favour of this view that 
the races of animals are, for the most part, very peculiar, — 
^eir association with abundance of corals seems to justify a 
belief that they were suited to a warm climate, — and the dis* 
appearance of nearly all these genera and fiimilies, after pass- 
ing through a few more formations and systems of strata, is 
at least in harmony with the conditions assumed. 

But this hypothesis, suggested by con»deration of the 
phenomena, assumes quite another character, when com- 
pared with deductions from the admitted fact of the former 
igneous fluidity of the mass of the globe. From that im- 
portant truth, as we deem it, it seems to follow necessarily 
that tlie globe should pass through many stages and changes 
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before, in any part of the surface, the conditions could be 
obtained, within which the Almighty Architect of the uni- 
verse has seen fit to restrict the exhibition of organic life. 
One of the most direct and important of these, and the 
most obviously influential on mechanical, chemical, and 
vital phenomena, is the diminution of surface temperature: 
this having arrived, locally or generally, at a certain point, 
the unchangeable laws of nature relating to organic life, 
which are but the expression of the will of God, began to 
operate ; and it is not one of the least curious of the ad- 
justments of the terrestrial creation, that the diminution of 
the surface temperature is limited. A certain point once 
reached, the prescribed conditions of organic life once at-* 
tained, they assume a character of stability, — a regularity 
of effects which enables a finite but intelligent being to 
trace them back toward their origin. 

SECONDARY STRATA. 

Bctse of the Strata, — In consequence of the disturbing 
movements already alluded to, which have broken up the 
primary rocks into various irregular masses, and in places 
thrown them off entirely fi*om granitic nuclei and axes, the 
secondary strata have not always, nor indeed generally, 
their surfaces parallel ^ those of the primary age. On 
the contrary, the two classes of rocks are unconformed to 
each other ; so that the same secondary strata may rest in 
some part of their range on gneiss, in other parts on clay- 
slate or Silurian rocks, or, without any such intervention, on 
granite, according as these rocks, afler the convulsive dis-* 
placement of the crust of the globe, formed respectively the 
bed of the sea. 
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As a general but not universal fsci, it is found that in 
the vicinity of elevated mountain masses the secondary 
strata are more nearly horizontal than the primary ; hence 
they were included by Werner in hid ckss of floetz or fiat- 
lying rocks : but this classification, founded on a geologi- 
cal acddent, is not satisfactory, though in fact it agrees 
nearly with the modem divisions. 

Nature of the Secondary Strata. — They consist of three 
sorts of rocks, deriving their most prominent characters 
from three particular substances, viz. Siliceous, Argillaceous, 
and Calcareous rocks. On comparing them respectively 
with the corresponding forms of the primary series; little 
if aiiy chemical difference can be established between the 
two classes. In the constituent minerals of the siliceous 
and argillaceous rocks also a great resemblance prevails. 
It is still quartz which constitutes the great bulk of the 
masses. Mica interlaminates many sandstones, and felspar 
varies the substances of others. Some clays are but a finer 
and more argillaceous kind of sandstone, just as some clay- 
slates are not obviously distinct from an argillaceous form 
of nrica-slate. But yet, on a close coriiparison,' we find 
the condition of these mineral ingredients somewhat differ- 
ent : the grains of quartz, mica, and Felspar are in fact more 
worn on the surfaces, more brokqn and fragmentary in the 
secondary than in the primary strata^ Also the aggrega- 
tion of them is so far different, that the influence Of sedi- 
mentary aggregation is extremely evident in all* the secon- 
dary strata. The degree of consolidation of the mass is 
generally much less than in the primary groups ; soft as 
well as hard sandstone, clay as well as shale, soft' as well as 
hard limestones, occur continually. And just as in the 
primary strata the induration and subcrystalline aspect of 
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the rocks was at a maximum in the older systems, so in 
these the contrary characters, softness and earthiness of 
texture, become .the most conspicuous in the upper or most 
recent groups. 

Thus it is evident that the consolidation and molecular 
aggregations of the rock masses of similar chemical and 
mineral nature are dependent on general influences, such as 
pressure an.d heat, whose effect would naturally be greatest 
in the oldest rocks, because these have been not only ex- 
posed the longest time to their influences, but also submit- 
ted to the hijghest degrees of their action. 

SuccesftoB of Secondary Strata. — Three characters are 
employed in establishing the classification of secondary 
strata ; first, their mineral constitution ; second, their respec- 
tive conformity or unconformity ; third, the nature of their 
organic contents ; in many instances these coincide re- 
markably ; where they differ the classification is embar- 
rassed. An the classifications, however, are to be suppos- 
ed only locally true ; for it is already ascertaiHed that none 
of even the larger assemblages of seconciary strata are uni- 
versal or even very general in their distribution, nor very 
uniform in, , any one of their characteristics, except for 
limited areas. The most convenient classification for the 
European basin is, however, found to be sufficiently appli- 
cable to all the Mediterranean tmd Transatlantic regions, 
pffrt ^f Central Asiaj and the baisin of the Indus. 
'C The British series of secondary strata is one of the most 
complete in Europe, and $ufficiently developed, even in the 
parts where it yields to the German type (red sandstone 
system), to serve as a general basis of comparison. Tl e 
folloiving is a concise scheme of the arrangement usually 
aidopted in Great Britain :— 
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CARBONIFEROUS SYSTEM. 

Geographical Extent. — This valuable series of strata, to 
which Great Britain owes so much of her commercial 
prosperity, is extended irregularly over the basin of Eu^ 
rope, in North America, Australia, &c. It occupies large 
breadths in Scotland, Ireland, England and Wales^ and lies 
in patches in various quarters of France, Germany, Poland, 
and Russia. Commonly it is found at the foot or on the 
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flanks of primary mountains which had been previously up- 
lifted, so that its stratification is not in accordance with 
theirs. In particular regions, however, there is no such break 
in the conthiuity of deposition, but, as in Herefordshire^ the 
passage i» gradual from the upper silurian sandstones and 
shales and limestones to the limestone, shales, and sand-* 
stone, and coal of the carboniferous systems* In sucb A 
district it might be quite reasonable (since the organic re* 
mains, though minutely different, are often generically si« 
milar) to unite the upper primary and lower secondary 
rocks ; but this local practicability must yield to general 
convenience. 

Succession and Thickness oftke Sirc^^'^The variations 
in the development of the carboniferous system are consi* 
derable, and its occurrence is often in detached portions : 
it is therefore requisite for obtaining a general section, to 
combine the results of different and independent observers. 
The most complete view of the lower part of the system is 
found on the border of Wales adjoining the silurian rocks. 
The middle and upper portions are most fully exhibited in 
the north of England. There are three great formations 
included in the carboniferous system* 

Upper Formation^ or Coed Measures ; three thousand feet 
thick in the north of England, consisting of abundance of 
sandstone and shales^ layers of ironstone, and beds of coaL 
Of these are many alternations, constituting a series of many 
nearly similar terms, usually containing at least the three 
substances, — coal, sandstone, And shale. Scarcely any lime- 
stone occurs in this upper coal-measure series. One bed is, 
however, found in the Yorkshire coal-field, containing marine 
shdls^vrMHe in all the restof the strata nothing but fresh-wat^r 
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and terrestrial exuviae occur. A limestone bed with estuarjir 
shells is found in Shropshire, and near Manchester. 

The coal seams, twenty or -thirty in number, amount in 
all to a thickness of about sixty feet, in a mass of shdes 
and sandstones at least 3000 feet. Nearly the same thick-* 
ness of coal occurs in the coal-fields of Newcastle, Soiuth 
Wales, &c. though the earthy substances enclosing the' ve^ 
getable products vary in nature and thickness. The thick>9 
est coal-seams in Staffordshire and Ayrshire, ten dr fifteen 
yards, are in fact composed of many beds of different qua^ 
lities aggregated together. ' The quality of boal •is. paortly 
dependent on the plants of which it was originally conipoir 
ed, and partly on subsequent changes produced by subter- 
ranean movements, effects of heat, &c. The prindip^dil^ 
ferences arise fi'oni the variable quantity of gaDBeou&mai»> 
ter. In the stone coal (blind coed or cuiin) of South. Waies^ 
Kilkenny, and Virginia, which burns like coke; thieceis 
little or nothing but carbon aind earthy admixtures* .31i[e 
box or cannel coal of Lancashire and Yorkshire, which 
blazes \itie a candle, contains nearly half of its' weiglit'Of 
gaseous matter. There is but little' coal, and. that in the 
lower part of the series, in Ireland. 

The ironstones of a coal district lie generally in layers of 
nodules, each frequently enclosing a leaf or shell, or some 
other nucleus of molecular attraction. 

The shales are bituminous or sandy ; the sandstones la;- 
minated or massive, micalceou^' argillaceous, subcalcareous, 
or felspathic, very rarely of a red colour, though blue^ '^el^ 
low, brown, white, and other tints prevail. Chalybeate 
springs are general, and salt springs not uncommon in tlie 
northern coal tracts. 
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The Mountain Limestone Formation is best examined 
in the north of England' in the region between Pendle 
Hill and the Tyne. The whole series undergoes great 
changes, so as to afford northern and southern types appli- 
cable to ail parts of the mountain limestone formation yet 
known in Europe. 

Hie Southern l\/pey complete in Derbyshire and the 
south of Yorkshire, is composed of three terms, viz. — 
Upper Term. — Millstone grit, a co^e sandstone, in one, 

two, or three masses, with shales and bad coal. 
Middle Term. — (Limestone shale), a thick mass of bitu- 
minous shale, in which locally black limestone bands 
and nodules of ironstone occur. 
Lower Term, — Limestone of Derbyshire (Lower Scar 
limestone of Sedgwick and Phillips), a great mass of 
calcareous rocks almost entirely free firom arenace- 
ous and' argillaceous admixture. 
To this type all the south of England mountun lime- 
stones, as well as tj^se of Ireland, Belgium, Dusseldorf, 
and Silesia are to be referred. 

In the Northern Type the same three terms are com- 
pounded and otherwise varied. 

The upper group is composed of three millstone grit rocks, 
alternating with shales, laminated sandstones, coal 
seams, ironstones, chert beds, and thin limestones. 
The middle group consists of shales alternating with 
sandstones mostly laminated, ironstones, coal seams, 
chert beds, and five or more limestone rocks, each 
from ten to eighty feet thick. (The name of Yore- 
dale rocks is given to this group in Yorkshire.) 

^ See Geology qf Vorkthire^ yoL ii. and Sedgwick's Memoirs in Geo* 
logical Prooeedmgs and TrantaeHons. 
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The lower group consists of limestone, alternating with 

shales and some sandstones, coals, &c. 
To this type belong all the Northumberland limestones, 
and those of the basins of the Forth and Clyde. The lime- 
stone of Burdiehouse, near Edinburgh, is maintained by 
Dr Hibbert to be of fresh-water origin. 

The lower part of the group, round the Cumbrian moun- 
tains, and along the Penine escarpments, from Brough to 
Brampton, contains aHemating red sandstone beds, thus 
constituting a real transition to the next or old red sand- 
stone formation. 

The old red sandstone formation vBTies in its character so 
as to offer little that is really of general application except 
its colour, and the absence of coal, and rarity of limestone. 
Along the flanks of the Grampian, Lammermuir, and Cum- 
brian mountains, it is chiefly a rude conglomerate of peb- 
bles torn by violent floods from the neighbouring high 
ground ; but on the borders of the Welsh slates it is a com- 
plicated mass of arenaceous, calcareous>and argillaceous stra- 
ta, graduating to the upper Silurian system. Mr Murchison 
has thus classed the beds 1 0,000 feet in thickness, which he 
ascribes to the old red sandstone of the Welsh border : — 
Upper part. — Red quartzose conglomerate, overlying 

thick bedded sandstone. (Without or- 
ganic remains.) 
Middle part. — Red and green (mottled) concretionary 

limestones, with spotted argillaceous marls 
and beds of sandstone. (Singular fishes, 
Cephalaspis of Agassiz.) 
Lower part. — Flaggy, highly micaceous, red and green 

sandstone. (With shells.) 
In tlie Geology of Yorkshire, vol. ii., is the following , 
conspectus of the whole carboniferous group : — 
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STRATtPICATION. 

This varied series of rocks shews, in all its parts, the 
clearest proof of successive deposition ; laminae, beds, strata, 
whole rocks, and groups of rocks, are here seen to be gene- 
rally parallel. It is, however, very true, that in each kind 
of rock the phenomena indicative of successive deposition 
are so far different as to admit of definition. The argilla- 
ceous members are universally laminated, but it is rare to 
see the laminae aggregated into beds. In a thickness of a 
few hundred feet, are many thousand laminae, but no real 
beds ; in a mass of limestone, forty to eighty feet, are no 
lamincB^ but many beds ; in micaceous sandstone, are both 
laminae, and beds ; and in some block sandstones are oblique 
laminae and irregular oblique or waving beds. Does not 
this shew tlie imperfection of the nomenclature commonly 
used, which confounds all those various structures of depo^ 
niton under one vague term of stratification ? Yet, on the 
other hand, how full of instniction are those different phe- 
nomena : are we not clearly informed by them of the dif- 
ferent conditions of the aggregation of the different chemi- 
cal substances ? Is it not apparent that the deposition of the 
argillaceous beds was subject to only minute and short inter- 
ruptions ; that the limestone rocks were formed at intervals ; 
and the sandstones accumulated with much irregularity ? 

The deposition of limestone is of an oceanic character ; 
its maximum thickness and purity is in one direction, while 
that of tlie arenaceous and argillaceous rocks lies in another, 
and marks the agitation of the sea along its ancient shores, 
where rivers and inundations brought sediments to be swept 
away by the tides and currents. 

JTie organic remains of the carboniferous system are 
extremely numerous : upwards of four hundred species of 
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animal exuTiie have been -figuied from the mountain lime* 
stone alone; probaUy 200 ^pedies- o£ plants belong to the 
coal measures^ and itis-oertainithet in both these formations 
con^derable additio'ta wiU .yet be made : a few remain to 
be added from ^e'bld ved' sandstone. .The following. short 
summary of Britisli s|)ede8 is all that our limits allow us to 
introduce :^*^ ' . ' , ..• 
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The account of plants is derived from comparison of the 
works of Brongniart, Lindley, and.Hutton, &c, and from 
private sources ; the other parts are chiefly token from the 
Geology of Yorkshire and Sowerby's Mineral Conchology. 



SYMMETRICAL STRUCTURES. 

The jointed structure of rocks of the carboniferous sys- 
tem has been minutely investigated. In the Geology of 
Yorkshire, vol. ii. it is shown, from eighty-five observations 
in the carboniferous system, that in the mountain lime- 
stone and coal tracts of Yorkshire, the lon^ joints affect 
certain principal directions, so that two positive axes in 
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which these divisional planes sre most frequent, are traced 
at right angles to one another ; and two negative axes in. 
which no long joints have been observed, also at right 
angles to each other. The axes of frequent joints nui 
N.N.W. and S.S.E., and E.N.E. and W.S.W. ; the n^a- 
tjve axes are N.E. by N., and N.W. by W. This singular 
result of observation harmonizes with the prindpal direc> 
tioos of mineral veins in the district bordering on the great 
CroBsfell and Craven faults ; it also bears a close analogy 
with the deductions from mechanical theory of Mr Hopkins, 
(Cambridge Trans. 1836), as to the production of planes 
of fissure at right angles to each other, in cases of continu- 
ous pressure being applied to large areas of the earth's 
lamellar crust. 

No. 13. 




The directions above named of the positive axes, obtain 
in newer strata (oolitic and red sandstone systems), and 
in situations at great distances from the Penine faults, and 
it appears probable that the joint planes are due to ex- 
tremely general agency. 

These researches should be foUowed up in other districts 
and in other systems of strata. The following table is 
extracted from the work above named, and it refers to 
.diagram, No. 12. 
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no SECONDARY STRATA. 

Igneous rocks are of frequent occurrence in the carboni'- 
ferous system of the British islands, especially in the 
northern parts of England and southern parts of Scotland. 
It is very deserving of attention, that they are principally 
of the augitic and homblendic &mily of igneous rocks. 
Greenstones and basalts are the prevalent rocks which lie 
in interposed beds, or fissures in the stratified limestones, 
shales, and limestones. 

While among the slates of Cumberland and the Lam- 
mermuir prophyritic rocks of many kinds abound, the coal- 
measures and limestone rocks, not far removed, have only 
basaltic or greenstone masses mixed with them. 

The porphyry of the Cheviot and some other points 
along the Tweed, may indeed be ranked as exceptions. 
In Northumberland, Cumberland, and the northern part of 
Yorkshire, a stratiform mass of greenstone and basalt (whin 
sill) is interposed in the midst of the limestone series, ap- 
parently originating in several submarine lava currents. 
In Derbyshire, a somewhat analogous rock (^'toadstone") 
interlaminates the limestone ; in the Clee Hill, a mass of 
basalt ("jewstone") has overflowed the coal. More com- 
monly, through all the coal-field of Durham and Newcastle, 
and not unfirequently in the coal-basins of Scotland, rocks 
of the same kind have been injected in the fluid state into 
open fissures of the sandstones and shales, constituting whin- 
dykes. At the point of contact of these crystallized rocks 
witli the coal, the latter is converted to coke (North of 
England), or to anthracite (Old Cumnock) ; earthy lime- 
stone is converted to crystalline (Teesdale) ; shale and 
sandstone are hardened to jasper (Salisbury Crags, &c.) ; 
garnets are generated in the shales of Teesdale. It is 
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worthy of remark, that the * whinj-dykes ' of the North of 
Etigland are oflen unaccompanied by dislocation. 
' Mineral veins abound in particular parts of the carboni- 
ferous rocks^ chiefly in the limestone districts, and near to 
some considerable cKslocations or akes of distinct elevation. 
Scarcely a single mine in 'the British islands is worked in 
the old red sandstone, or true coal-measures ; very few are 
established in districts which, like a large part of the Irish 
limestone, are rembved from axes and centres of disturb- 
ance. But the dislocated mountain limestone of Cumber- 
land, Durham, Yorkshire, Deiiiyshire, Flintshire, Mendip, 
and South Wales, and partially that of Belgium and Silesia, 
is characterized by prevalence of veins of les^d, copper, cala- 
mine, and oxide of iron. There is seldom found in these 
districts the same great variety of metallic ores as in the 
older primary tracts ; the vein stuff (matrix of the ore) 
differs according to locality — ^fluor-spar abounds in the 
mines of Aldstone Moor, &c. — carbonate of barytes in 
Derbyshire. It is seldom that the aame mining districts, 
almost never the same veins, yield copper and lead in 
abundance. One might venture to toy, there is a peculiar 
elective attraction between sulphuret of lead and limestone 
rock ; and this idea, foUowed too far, leads to the doctrine 
<)f the metallic contents being secreted from the bordering 
i^Ocks. The materials of the veins seem indeed in many 
instances to have been transferred by (electric) currents 
through solid substances, but they are really diffused /rom 
the veins into cavities of the neighbouring rocks, not col- 
lected from these into the vein fissures* 

Most of the veins of fissure are accompanied by disloca- 
tions ('^ faults"), sometimes to the extent of several hundred 
feet, sometimes only a few inches. They pass through the 



112 SSCONDARY STRATA. 

itratiform basalt of Northumberland and Yorkshire, and 
yield ore in it abundantly ; but though the toadstone of 
Derbyshire does not, as was once imagined, ** cut the veins 
off," they are only feebly traced through it But this cir- 
cumstance is not peculiar to the igneous rocks ; often, and 
perhaps generally, the veins in a limestone district are 
greatly contracted (*' nipped") and unproductive at the places 
where they divide the shales, and grow wider and more pro- 
lific in the limestones and thick gritstones. Pipe veins are 
of less frequent occurrence and inferior interest. Ecton is 
one of the most remarkable of these. 

The same phenomena of some veins crossing and cutting 
through others occur in this district as in the older strata, 
and the same tendencies to peculiar directions are recog- 
nised; the bearing veins running generally east north-east, 
or nearly so, and the cross courses north by west, in the 
north of England and Flintshire. 

DISTURBANCES OF THE CARBONIFEROUS SYSTEM. 

After the deposition of this system, and before at least 
any considerable proportion of the superjacent rocks was 
formed, very extensive displacement happened in most parts 
of the surface of the globe where the carboniferous rocks 
had been deposited. Not that such displacements were 
limited in geographical extent to the area of this system ; 
on the contrary, from there hardly being a known coal tract 
exempt from this influence, it would appear that convulsive 
movements took place of a very general description, 
so as to affect very large tracts of the surface of the 
globe. In the British islands, every coal district is dis- 
turbed and shaken in every square mile of its breadth 
by faults ('^gauls, slips, troubles, and dykes"), passing in 
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many directions, some of them having a great amount of 
" throw," and consequently affecting the working of the 
mines. But these minor effects, though on some accounts 
very interesting, lose their importance when we contem- 
plate the gigantic disruption of Tynedale, the Penine chain, 
the Craven fault, the Derbyshire elevation, the fault of the 
vale of Clwydd, the double synclinal axis of the coal-fields 
of South Wales, and the parallel one of Namur. The Pe- 
nine disruptions, ranked by De Beaumont under the title 
of the System of the North of England, are on a magnifi- 
cent scale. Three principal lines compose this great sys- 
tem — the northern branch ranges along Tynedale from 
Brampton to the sea fifty miles, bending more than once 
from its average recticlinal course to the east by north ; 
the southern branch passes in a straight line to the east- 
south-east thirty miles, and the two are connected by a line 
of fault, whose mean direction is nearly nojrth and south, but 
it has three several courses in a length of fifly miles. The 
Craven, or southern branch of the system, is a double 
fault ; the Penine line is partly an anticlinal and partly a 
fault; the Tynedale branch is one great fault With refer- 
ence to a point in the middle of the area, enclosed by these 
dislocations, their effect is everywhere similar, viz. a mighty 
depression of all the exterior country. North of the Tyne- 
dale fault, is a depression or throw of 1000 to 2000 feet ; 
west of the Penine fault, 2000 or 3000, or perhaps 4000 
feet under Crossfell ; and south of the Craven fault 3000 
feet at least under Ingleborough. 

There is no direct connexion between this great Penine 
system of faults, and the elevation of Derbyshire ; between 
them is a singular system of anticlinal elevations and syn- 
.clinal depressions, all chiefly ranging north-east, or north.- 

K 
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east by east, from the Craven fault, right toward the more 
ancient but parallel anticlinals of South Wales. Before, 
however, reaching these lofly chain's, A transverse break, 
almost exactly similar to the Crossfell fault, ranging noifth 
north-west, along the vale of Clwydd (which is a miniature 
copy of the vale of Eden), stops the Ribblesdale system of 
anticlinals in the south-west, just as the 'Craven fault, rang- 
ing west north-west, has stopped them on the north-east. 
It is from nearly the middle of the Ribblesdale faults that 
an anticlinal ridge, ranging south south-east, passes along 
the western border of Yorkshire aiid continues into Der- 
byshire, on the southern side of which county it is appa- 
rently cut off by an east and west fault. 

Charnwood Forest is an elevation of slate rocks (on an 
axis of sienitic rocks), and the date of its elevation is pos- 
terior to the limestone and coal-field of Ashby, but anterior 
to the new red sandstone system, which is seen to lie level 
over its vertical and broken slates. The other central 
coal-fields of Warwickshire, Staffordshire, and Shropshire, 
were dislocated at about the same or perhaps somewhat 
later period, for the magnesian conglomerate is disturbed 
by tlie faults of the Coalbrookdale-field. From this field 
to the Malvern Hills, a great north and south axis of violent 
elevation occurs, which in places actually overthrows the 
strata (Murchison in Geol. Soc. Abstracts), and others pro- 
ceed south-west, parallel to Wenlock Edge, till they reach 
the vale of the Towey. 

Here a new axis of dislocation becomes predominant, 
that of the South Wales coal-field, which runs east and west 
from St David's in Pembrokeshire, through the counties of 
Caermarthen, Glamorgan, and Monmouth, and may be con- 
sidered to continue into the Mendip Hills and Somerset- 
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shire. Parallel to this, and in fact in the line of its pro* 
longation to the east, is the coeval disturbance of the coal 
from near Boulogne through Bdgium and .Westphalia, and 
in the south of Ireland. A parallel but perhaps earlier dis* 
turbance ranges along the* northern boondary of the grey* 
wacke region. ' ^ - 

It would be impossible here to investigate all tbe bearings 
of the mass of evidence furnished by these variously direct* 
ed dislocations, on the dynamical principles of geology, but 
they are too important to be overlooked. We may, however, 
observe, that dislocations of different dates are thus shewn 
to be parallel, while others presumed to be coeval range 
in different directions. 

STATS OF THE GLOBE DURING THE CARBONIFEROUS 

PERIOD. 

Recollecting the proof already given of the partial eleva- 
tion of our present dry land, we shall be prepared for consi* 
dering the nature of the new conditions introduced into 
the gedogical formula, by this circumstance, and the varia* 
tion of sur&ce temperature, already concluded to be admis- 
sible as a geological cause. The Grampians and other 
mountain chains being raised above the sea, and shore and 
deep sea currents estiiblished, we shall not be surprised to 
find the traces of mechanical movement in the ocean sud- 
denly grow very strong and extensive. We find, in facty 
round all the mountain ranges, which for other reasons 
were presumed to have been uplifted before the carboni- 
ferous epoch began, some of the most remarkable con- 
glomerate rocks which occur in the British strata. The 
chai^ter of these conglomerates, too, varies in direct relation 
to the proximity of the mountains. The composition of the^ 
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red conglomerates of the Grampian borders reminds us con- 
tinually of the rocks of the Highlands; those which surround 
the Lammermuir Hills are full of pebbles derived from 
these mountains (Boue) ; those which border the Cum- 
brian group contain pebbles of the neighbouring rocks* 

What is the cause of the universal red colour of these 
ancient sediments, is already felt to be an important pro^ 
blem, for it appears connected with absence of organic 
exuviae in more than one instance. Shall we say that the 
local accumulation of the old red conglomerates was a con- 
sequence of the local elevation of the primary strata from 
the bed of the sea ? 

During the course of the carboniferous period the sedi- 
ments of the sea underwent a total change, for red sand- 
stones and clays are scarcely seen (except locally) among the 
coal-measures, or in the upper parts of the mountain-lime- 
stone series. Shall we say that the dark shales and various- 
ly coloured grits came from regions in different directions ? 
The great quantities of those sediments imply, probably, 
some great physical changes of land and water in situa- 
tions not far removed. The alternation of these deposits 
marks periods of intermitting action, and the circumstance o£ 
the prevalent association of terrestrial exuviae in these, but 
not in other strata, seems to instruct us that the earthy 
and vegetable materials were swept down from the land by 
^ome such means as a great river or periodical inundation. 
If so, the origin of coal and that of the accompanying charac-^ 
teristic rocks (or " coal-measures") is understood, the regu- 
lar thickness and extension of the strata of coal are ascribable 
to the watery agitation, which at once permitted the asso- 
ciation of similar earthy particles into shale and sandstone 
respectively, and collected the vegetable masses into layers. 
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De Luc's notion of the origin of coal from submerged peal 
beds is too limited and encumbered with inextricable dif-* 
ficulties to be ever adopted as a general doctrine, nor can 
the minor analogies obser^d between the position of the 
subterranean mass of vegetables, the vertical trees, and 
(often imaginary) roots and branches, be held at all con- 
clusive. What can be thought of an hypothesis such as 
^t just named, when we try to apply it to a case like a 
north of England coal-field, with its numerous parallel 
seams of coal, ironstone, &c. for every one of which seams 
the land must first have been dried and covered with soil, 
jthen submerged to receive oceanic sediments; no fkult, no 
want of conformity in the stratification, no unusual violence 
pf water being in any case observable to justify the hypo- 
thesis of rising and falling land ? Again, will it be sup- 
ported for a moment in a country where limestone, shale, 
gritstone, coal, are repeated many times (as in the dales of 
the north of England) ; yet where the grits and shales 
vanish, every trace of coal also disappears ? If there be 
any truth in the hypothesis, coal should be found in the 
midst of the limestone as well as enclosed in gritstone or 
ghale ; some independent proof should be given of the ris- 
ing and sinking being limited to certain tracts ; ox some 
reason assigned for the dependence of coal on the occurs 
rence of such sedimentary rocks. 

It is evident that the general arguments must prevail, 
and the condition of the plants which compose the coal, the 
general absence of roots, the fragmentary state of the 
stems and branches, the dispersed condition of the separa- 
ble organs, the splitting and reunion of coal beds, all the 
phenomena, in fact, really general, confirm the conclusion 
that the plants ^hereof coal consists were swept down from 
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the land on which they grew by watery currents, often 
repeated, and deposited in basins or large estuaries of the 
sea, or, perhaps rarely, in lakes of fresh water. The alter-^ 
nation of a bed of marine limestone in the Yorkshire coal- 
field, and perhaps the broad layers of bivalve shells (Unio), 
which appear sometimes in positions indicating that they 
lived and died where they are now found, shew an estuary 
deposit liable to temporary predominance of salt water. Iii 
the coal-fields of Shropshire and Manchester, the supposed 
fresh-water limestone may perhaps be ascribed to the in- 
flux of a river, and other coal deposits probably have hap- 
pened in the deep sea at intervals during the accumulation 
of limestone. 

What, then, were the circumstances of the dry land 
favourable to the growth of the enormous mass of vege- 
table substance which is buried in the coal formation? 
That the atmosphere was warmer, and, by consequence, 
moister, may be easily admitted, and in fact what is known 
of the structure of the plants goes to confirm this opuiion ; 
for the most abundant forms are at least analogous to tro- 
pical vegetation. But in addition, it has been conjectured 
that the atmosphere might in those early periods have<an 
unusual dose of carbonic acid gas, and thus be more fit. to 
supply the carbon requbite for the growth of sud» vast 
forests as then must have encumbered the limited surfiu^ 
of the land. This speculation of Brongniart appears wor- 
thy of attention ; notlung known to the chemist or nat¥ind 
philosopher is 6pposed to the notion that the quantity of 
carbonic acid gas in the atmosphere may be extremely va- 
riable ; it would not indeed be favourable to the life of ani- 
mals, but whcU proof have we of the globe being then tenant'- 
ed by terrestrial animals f Moreover, speculation aparty let 



I 



I 



NEW RED SANDSTONE SYSTEM. 119 

any one calculate the quantity of carbon contained in a 
single English coal-field, once a part of the living structure 
of plants, and add the equivalent volume of carbonic add 
gas to that small quantity which it now holds, the conse- 
quence will be an atmosphere charged with this pabulum 
of vegetable life, to a degree perhaps very favourable to 
the growth of plants, but certainly detrimental to the life 
of animals breathing by lungs. Now, surely, it is worthy 
of attention, that c^ier the coal was deposited^ reptile life 
begiUi to be manifested, and finally, to predominate ; while, 
on the other hand, vegetable life, though the land was 
much more extensive and apparently not much lowered in 
temperature, never yielded again such thick and extensive 
cartx>naceous deposits. 

From the nature of its numerous organic contents, as 
well as firom the texture and composition of its masses, 
there is no doubt of the mountain limestone being truly an 
oceanic deposit, diminishing and growing debased toward 
the shores, but accumulating in masses of greater purity 
toward the deeper seas. It appears to have been a chemi- 
cal precipitate, more or less tranquilly produced ; and if we 
may venture here to combine the facts known concerning 
the primary and secondary limestone, it will appear the 
most probable inference, that a slow decomposition of the 
oceanic waters, partly by organic, partly by chemical action, 
is the true cause of the production of marine limestone. 

NEW RED SANDSTONE SYSTEM. 

Geographical Extent. — The irregular expanse of sea 
left in the region of Europe by the broken masses of land, 
belonging to the uplifted carboniferous rocks, was perhaps 
not fully filled by the next succeeding deposit of sandstones^ 



120 SECONDARY STRATA. 

clays, and limestone, which receives the name of Red Sand* 
stone, or Saliferous or Poecilitic formation, but it is very exten- 
sively difiused in and beyond this area. It occurs in Ire^ 
land, but not abundantly, and only in the north eastern part, 
which may be viewed as a dismemberment from the Lam- 
mermuir district of Scotland. In Arran, and on the west 
coast of Ayrshire, on the south side of the Lammermuirs, 
round Dumfries and Longtown, is a large tract of these 
rocks, spreading into the plain of Carlisle, the vale of Eden, 
and against the west face of the Cumbrian mountain lime- 
stone. Small detached parts occur farther south on the 
same side of the Lake district, and still smaller on the east, 
about Kirby Lonsdale. 

But the greatest expansion of these rocks in England 
begins in Durham, about the mouth of the Tees, spreads 
southward in a narrow tract along the vale of York to Not- 
tingham ; then opens at once into the wide central plain of 
England, and occupies the whole breadth from the carbo- 
niferous tract of Lancashire, North Stafibrdshire, Derby- 
shire and Nottinghamshire, to Shrewsbury and Worcester, 
to Leicester and Shipston ; then following the Severn to 
Bristol, it turns to the west along the south face of the 
South Wales coal-field, and is, interruptedly, continued 
south from the Bath Avon to the mouth of the Exe. 

On the continent of Europe it occupies some space on 
the left bank of the Rhine in the district south of the 
Ardennes, and parallel to the Vosges ; but on the right 
bank it is expanded over larger breadths in Wurtemberg, 
and occupies a great part of that enormous area included 
between Basle, Amberg, Leipzig, and Minden. 

Almost universally it fills a low or level country, out of 
which arise insulated groups and short ranges of mountains 
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of older strata or pyrogenous rocks. Such lure Chamwood 
Forest, and the central coal-fields of England ; the Vo^es, 
Schwarzwald, Thuringerwald, Odenwald, Haras, &c., in 
Germany. Its highest point in England does not much 
exceed 800 feet above the sea. 

Succession of Strata, — This system consists of many 
alternations of arenaceous and argillaceous members, with 
some less continuous interpositions of limestone, usually 
impregnated with magnesia. The best types of the sys- 
tem are those of Germany, the south-east of France, and 
north of England. The most complete in all respects is 
that of Germany ; but it will be convenient to describe the 
English series, and afterwards to present a general con- 
spectus of the whole. It is to Professor Sedgwick (on Mag- 
nesian Limestone, Geol. Trans.) that we owe the most suc- 
cessful classification for England ; and the labours of Voltz, 
Elie de Beaumont, &c., have ascertained all that is required 
for drawing the lines of geological contemporaneity between 
England and Germany. 

Upper red sandstone formation. — Consisting of variegated 
red, white, and other clays, with gypsum; (organic 
remains, few and local). Red and white sandstone, 
with or without layers of clay ; (few or no organic 
remains). Red conglomerate of pebbles derived 
fi:om older rocks, imbedded in red sandstone ; (no 
organic remains). 
Magnesian limestone formation. — Consisting of upper 
laminated compact limestone of a light or dark grey 
or smoky colour. A few organic remains. 
Gypseous red and coloured marls. 
Lower or magnesian limestone, of a yellow colour, earthy, 

L 
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granular, crystaUme, cv concretionigr; in texture, and 

(locally) organic remauoa in considerate ai>iindanoe. 

Marl slate or calcareotis laowated- rocl^ yielding fishes 

of the genus Pals^cNposjCMB chiefly* 
Lower red sandstone formationt — Red and. yeBow sand- 
stones with (locally) red and coloured days, and 
plants like those found in the coal series. 
The uQual arrangement adq>ted in fingbmd unitea the 
lower red sandstone, with the magnesian limestone forma- 
tion. It is of little importance^ however, whether we con- 
ceive the whole system to he but one formation^ or divide 
it into two or three. On the western aide of the north of 
England (Plain of Carlisle), the upper red sandstone re- 
tains its usual charact^ ; the magnesian limestone is re- 
presented by a calcareous conglomerate. Further south 
near Manchester, red and greenish marls and concretionary 
limestones, both fbssiliferous, divide the upper from the lower 
red sandstones. In the centre of England (Cheshire, Wor- 
cestershire) salt rocks and springs occur. In all the southern 
districts (Shropshire, G^ucestershire, Somersetshire), a cal- 
careous conglomerate i^pvesents the magnesian limestone, 
and the lower red sandstpne is only locally seen. In the dis- 
trict south of the Ardennes, and along the Vosges, there is 
no magnesian limestone, but in the midst of the variegated 
marls lies a thick limestone rock (muschelkidk), in some re- 
spects comparable to the upper laminated limestone of the 
north of England, but containing many and different organic 
remains. In the variegated clays above the muscfaielkalk, is a 
thin bed of magnesian limestone ; with this seriea of varie- 
gated clays is associated a variety of sandstones locally 
rich in plants, the whole group being in France, called 
" marnes irisees,' in Germany, * keuper'.) The red grit of 
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the Viofiges (6r^ Vosgico, Vds) m radter a loe^ rock pe« 
cuittr to thftt district^ than a part of the lower red sandstone, 
which doe% however, occur there beneath it. But in the 
Thuringerwald and north east of Germany, in addition to 
these, we have limestones corre^nding to the upper and 
lower magnesian limestone, gypseous marl, and mad-slates 
of England, under the general name of Zechstein. Thus 
the whole is capable of being represented in one formula, 
which is well calculated to shew both the agreements and 
differences usually observed in comparing distant parts of 
a stratified formation. 
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Sak is associated with the upper parts of this system 
in England, France, and Germany, where the muschelkalk 
is quite as saliferoiis as the variegated marls, to which ap- 
parently salt is confined in England. Upon the whole, then, 
this red sandstone system is a vast mass of sandy and ar- 
gillaceous sediments of a peculiar aspect, accompanied more 
than any others yet known by salt and gypsum, — ^generally 
deficient in organic remains, and only locally inclosing 
strata of limestone, which commonly are characterised by 
abundance of magnesia. 

In the north of Germany the lower beds of it seem de- 
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cidecQy related to the coal deposits, (as also happens in the 
north of England) ; in fact, the coal is supposed by Hofimah 
to be only a local product in a vast mass of red rocks, in- 
cluding the whole series of the old red and new red rocks. 
Nearly the same thing takes place in Arran where the di- 
minished carboniferous system is merely a parting in the 
enormous thickness of red clays, sandstones, and conglo-^ 
merates. Thus, it is evident that our best classifications 
of the series of stratified deposits can only be locally exact, 
and authors of such arrangements must be prepared to see 
them rejected, as in many cases inapplicable or very incon- 
venient. 

Stratification, — The same laws of phenomena on this 
subject obtain in the red sandstone as in the carboniferous 
system ; the argillaceous masses are laminated, often com- 
posed of alternating white, greenish, and red layers ; the 
sandstones when very fine are also, in general, thinly bed- 
ded; where very coarse they are in ruder and less regular 
layers ; where pebbles and sand are mixed (Nottingham 
Castle), the layers are oblique in various directions, like the 
heaps of detritus left by rapid rivers or other sudden violence 
of water. The limestone beds, if argillaceous, are thinly 
bedded ; if magnesian, they are often thicker, less regular, 
^11 of sparry geodes, and strings and veins of carbonate 
of lime. These magnesian rocks are also often very con-; 
cretionary, sometimes oolidc, in particular parts (Mans* 
field, Nottinghamshire) composed of real crystals of the 
double carbonate of lime and magnesia. Some beds have 
a conglomerate character, and in such, generally, stratifica- 
tion is almost imaginary, and the joints which pass through 
the other beds, lose themselves without penetrating this. 
(Shields and Sunderland.) 
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Organic Remains. South of a line drawn through 
Chester and Derby, organic exuvis of plants or animals have 
been rarely found in the red sandstone system of England ; 
none have yet occurred in that of Scotland ; but fishes 
have been discovered in that of Ireland. (Report of Pro- 
ceedings of British Association at Dublin, 1835.) 

In the space north of this line it is only on the western 
side of the island that plants have been found in red sand- 
Stone, near Liverpool (See '^ Fossil Flora, 1836), marine 
shells (conchifera and gasteropoda) lie in the red and white 
marl, and calcareous bands near Manchester. On the east- 
em side of the island the lower magnesian limestone is no- 
where entirely destitute of shells and zoophytes, which have 
oflen a great analogy to those of the carboniferous rocks : 
the upper laminated rock has also a few shells, the lower 
red sandstone many plants. 

In Germany, the rotheliegende, zechstein, hunter sand- 
stein, muschelkalk, and keuper, all contain organic remains, 
^d locally even in considerable quantity. 

No complete list of the fossils of the English magnesian 
Hmestone has ever been published. Professor Sedgwick, 
however, (Geol. Trans.), .mentions a considerable number 
of the Durham fossils, and M. Agassiz has recently added 
to the list of fishes. The following summary includes some 
nondescript species now in the cabinet of the writer. 



Planto 
Zoophyta, . 

(!k)ncbifera, • 



Voltzia^'one species. 
Polyparia,. . . 
Crinoidea, . . . 
Plagimyona, . . 
Mesomyona, ., .. 
Brachiopoda, 



3 

1 

9 

6 

15 
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Gasteropoda, 4 

Cephalopoda^ -2 

Fishes, 10? 

Reptiles, 2 or 3 

Igneous Rocks, — ^Basaltic dikes divide the magnesian 
limestone of the north of England ; and in the Isdand of 
Arran (Jameson, MacCulloch, &c.) such and other ^es 
of pyrogenous rocks and interposed beds are extremely 
abundant in Oorygills, at Tormore, and other points. Nor- 
thing of the kind is found in die greater part of the £ng« 
lish red marl and sandstone ; but die analc^ous i^ con- 
glomerates and porphyritic masses of Exeter (investigated 
by De la Beche), appear important, as throwing- li^t^'on 
the analogous, if not strictly coeval, mixtures of porpliyritic 
and arenaceous rocks common in the north of Germscny. 

It. is chiefly by the occurrence of porphyritic fragments 
and pebbles that the mixture alluded to take» place near 
Exeter ; it i^ipears a natural supposition diat, in tlie ccm- 
fined accumulation of die redcongiomerate from the action 
of violent water^currenits, consequent on local displacements 
of the CRiBt of the globe which followed die deposiftion of 
the coal-measures, some of die broken masses of igneous 
rocks should beretained among the materials then aggregated. 
In fact, die country was dislocated near the conglomerate of 
Exeter ; and Mr de la. Beche notices drcumstances t^Ei^ng 
to shew that the porphryitic eruptions did happen, and some- 
times overflowed parte of the conglomerate while it was in 
process of accumulation*^ 

On the east side of the Harz tlie red sandstones and 
marls (of the Rotheliegende)rest on a porphyritic conglome- 
rate, of which the> porphyritic "fragments are not always si- 
^ Proceedings qfGeohgktd Society^ 1834. 
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milar to the nearest quartz porphyry of Saal, often being 
larger in proportion to the distance therefrom. This con* 
glomerate is regular and widely e^ipanded, and none of the 
other beds of the red formation cont^n such porphyry peb- 
b'es. -(Von Dechen). 

Thus, It s^pears certain tiiat the detritus of igneous 
rocks (generated, it Appears, in I^evonshire at the same 
era) Aimished die materials of the lower beds of the Ro- 
theHegende ; and we may ^rha|>s hereafter be able to form 
a conception as to the extent to which igneous eruptions^ 
and wasted igneous rocks, may have modified the characters 
of -the depoi^tion of iJbe wh^le system, which, in mineral, 
structural, and organic characters, ofiers much that is wor- 
thy of notice, and very alluring to imprudent theorists. 

MetaHic veins are, in England, very rarely heard of in 
these rodcs, nowhere worked. Licad veins occur in the marl- 
slate near North Shields, — ^in the magnesian-limestone at 
Nosterfield, and Warmsworth, Yorkshire, and Barlborough 
Derbyshire ; carbonate of copper is found at Farnhill near 
Knaresborough, Newton Kyme near Tadcaster, and Warms- 
worth ; cobalt is found in Aldedey Edge> Cheshire. 

In Germany the slaty beds, which are the equivalent of 
the marl-slate, are loaded with copper about the Harz 
Mountains, and contain fishes. They receive the name of 
kupferschiefer. 

DiSruftBANCBS OV THE RED SANDSTONE SYSTEM. 

The most remarkable example is en the eastern ftce of 
the Vosges Mountains, where die upper beds of th^ system 
lie at the foot of great precipices of the Gres Vosg^. In 
England almost nothing of tiiis kind is observable* The 
magnesian limestone is divided and dislocated by somi^ of 
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the faults and basaltic dykes which traverse the coal of the 
Newcastle district. One of the anticlinal lines west of 
Shrewsbury, which ranges from west south-west to east 
north-east, through the Breiddin Hills, has been noticed by 
Mr Murchison as continuing in a narrow course through the 
red sandstone of the pkun of Shrewsbury^ and directing itself 
toward the elevated coal and gritstone hills near Cheadle» 
The red sandstone along this line (at points fifteen or thirty: 
miles from the Breiddin), is thrown into angular positions, 
altered and impregnated with metallic substances; and dykes 
of trap occur at Acton Reynolds. The most curious infe- 
rence on the subject is,- that the same line has been the 
locus of igneous eruption and disturbing movement du- 
ring the Silurian, carboniferous, and red sandstone eras, a 
conclusion singularly at variance with the literal statement 
of De Beaumont's hypothesis, though, as being a solitary 
instance, it ought not to be too much insisted on. It ap- 
pears from the same author and Mr Prestwich^ that some 
of the most cpn^derable dislocations of the border of the 
coal-fields of Coalbrookdale and Dudley happened afier the 
deposition of a part of the new red sandstone ; but it is cer- 
tain that those of Somersetshire and Gloucestershire were 
completed before the date of that rock. 

STATE OF THE GLOBE DURING THE FORMATION OF THE 

NEW RED SANDSTONES. 

The greater extent of land, as indicated by the uplifUng 
of many portions of the coal deposit^ might have been ex- 
pected to have caused greater local varieties in the com- 
position of this system than we find. In fact, as a g^ieral 
rule, the traces of terrestrial admixture in the red sandst<H)e 
deposits are remarkable^ and unusually few. The sheik 
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and other organic exuviae are marine ; and it is only in a 
few places round particular mountain ranges (the Black 
Forest especially), that the remains of land plants and rep- 
tiles are at all prevalent. Several reasons might be ad-> 
duced to justify an opinion, that the time occupied in the 
production of the whole system was comparatively short, — 
such as the general uniformity of its composition, the defi- 
ciency (except in limited regions) of limestones ; the pecu- 
liar chemical and mineral character of these limestones ; 
the general paucity of organic remains ; the frequency of 
conglomerates and local admixture of fragments of igneous 
rocks, — all these circumstances seem to indicate the pro- 
dominance of an unusual series of agencies. 

A notion has gradually been spreading, though it has 
perhaps not been distinctly announced, that many of tliese 
circumstances are the result of temporary volcanic excite- 
ment consequent upon the deposition of the coal-measures; 
but it is difficult to coUect adequate reasons from the vague 
data at present known, for clothing this suggestion with the 
substantial character of a probable inference* 
. Concerning climate aqd other circumstances, the evi- 
dence from remains is of little value; but their analo- 
gy with those of the carboniferous system leads to the im- 
pression that no remarkable changes had occurred in this 
respect. 

OOLITIC SYSTEM. 

GeographiccU Extent, — ^In the British islands, and, we 
may add, in the continent of Europe, this mass of calcare- 
ous rocks is very unequally distributed, yet in particular 
regions its course is very persistent, and the different fotr 
mations which, coinpose it &llow one another with remarkr 
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able conformity. Scarcely any traces of it occur in Ireland, 
except in the north-eastern port, which contahis the chalk 
and red sandstone. It is found on the east coast of Scot* 
iand at only a few points about the Moray Frith, and along 
the Sutherland coast. On the western coast it occurs at 
Appleat)6S, opposite to the Isle of Skye, and at several 
points in that island, and some of the smaller islets adjacent 
In the same manner, it borders Mull, and is found skirting 
the mainland along the Sound of Mull. 

But in none of the Irish or Scottish localities is the sys- 
tem completely, or even characteristically, exhibited ; it is, 
in fact, more properly an English than a British system of 
strata, and there are few tracts of Europe where it is more 
expanded or so fully and variously developed. From the 
prominent parts of tlie Yorkshire coast, between Redcar and 
Filey, it holds an wiinterrupted course, with varyingbreadth, 
through Yorkshire, Lincolnsliire,Northampton8hire,Ox!ford» 
shire^ Gloucestershire, Somerset8hu*e, and Dorsetshire, to 
the southern coast between Exmouth and the Isle df PUr- 
beck, almost everywhere forming a rather high table-land 
and dry surface, sloping regularly to the east, and dividing the 
eastern and western drainage of the island. It is l^owhere 
narrow'er than in a part of Yorkshire near Bishop Wilton, 
where, in consequence of unconformity of the cludk, only 
the lower part of the lowest member is seen, and its breadth 
is only a few yards. 

On the contrary, ih the middle of the island, as in the 
counties of Northampton, Rutland, Gloucester, and Worces- 
ter, its breadth is even as tnuch as forty miles. Toward the 
western edgCy which is generally a line of bold escarpe- 
ment, many outliers, or detached masses, occur, separated 
by watiery violence or other causes. . Of these the most 
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singular and far renooved is the newly discovered basin of 
lias (the lowest of the oolitic formations) in the centre of 
the red marls and sandstones of Cheshire. — (Geol. Pro- 
ceedings, 1835). Other extensive outliers follow the 
southern border of the South Wales' coal-field far into Gla- 
morganshire. 

On the continent of Europe the oolitic system is widely 
expanded; in France in a large semicircle round Paris, 
from the Ardennes to Normandy. It has a long range in 
Wurtemberg and Franconia ; occurs in places along the 
range of the Carpathians (Poland), and margins, with a 
broad band, the north and south skjpcB of the Alps. It is 
supposed to enter into the composition of the Apenninesi 
and the Dalmatian ridges^ and to form a part of the lime* 
stone ranges of Spain, perhaps also of Greece. 

The skirts of the Himalaya certainly contain at least its 
lower members, and perhaps these are not wholly unknown 
in North America. 

Succession of Deposits, — There are three principal types 
of the oolitic system in which its developed characters ap- 
pear considerably unlike $ and it seems possifble to ascertain 
the proximate influences or causes of the diversity. Tlie 
series of oolitic rocks near Bath was the first field of the 
successful researches of Mr Smith in analyzing the secon- 
dary strata and determining the relation of organic forms to 
the successive stages of geological titne. The excellent and 
exact arrangement which he here disclosed is the true fun- 
damental standard of comparison for all the localities, not 
so much on the account' of its being chosen by Mr Smith, 
as because it is in fact the most complicated (that is most 
fblly expanded or developed) series of this system yet 
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known. The foUowing classification will be found viery 
convenient for the Bath district. 



Namei and DeicrlpdoD of Fonnatlons. 



Coatdtuent Groups 



Wealden Formation : a mass of aandttones 
and daya of various descriptions, 
irony, calcareous, carbonaceous ; 
with layers and nodules of lime- 



». The Weald day. 
The Hastings sand. 



10. 



itone, generally bearing the at- j v. The Purbeck beds, 
pect of a fresh-water or estuary 
deposit, • • • • 






Upper Oolitic Formation : here imperfectly 
seen ; composed of oolitic and 
other limestones, green and irony 
sands, and blue clays of consider- 
able thickness, with organic re* 
mains. Composed of . . 



Middle Oolitic Formation : consisting of 
coralline and shelly oolites, calca- 
reous sandstones and clays, with 
organic remains, * 



Lower Oolitic Formation : a complicated 
group of oolitic and shelly and san- 
dy limestones, laminated and con- 
cretionary sandstones, sandy and 
tenacious clay, fullers' earth, 

wC* ... a 



Lias Formation : chiefly argillaceous, with 
strata of limestone, all more or 
less argillaceous, but rarely oqli. 
tic ; layers of sandy irony rooks, 
and septaria ; abundance of orga- 
nic remains, • . . 



Limestone of Swin 

don, the Vale of 

Wardour. * 

Sands of Swindon, and 

Clay of the Vale of 

. North WOta. 

r. Thin calcareous grit. 
9. Coral rag and oolite. 
p» Calcareous grit. 
0. Blue day and septaria. 
n. Kelloway sandstone, 
m. Blue clay. 



/. Combrash limestone. 
At. Forest marble group. 
t. Bath oolite. 
h. Fullers' earth rocks. 
g, Superior oolite, and 
\^f» Sandstone. 



/ e» Thin u] 

I d» Marlstc 

I c Middle 

) b. Lias lin 

( 



Thin upper lias day. 
Marlstone rocks, 
lias day. 
limestones, 
a. Lower lias days, ge. 
nerally paseing to 
new red marls. 



Upon further examination in the country south of Lon^ 
don, it is found that a superior formation (the Wealden) 
eidsts very extensively in Kent and Sussex, and this, for 
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the sake of making the Bath series general for the south of 
England, has been placed in the above scheme of five ooli« 
tic formations. 

. In this alternation of limestones, sandstones, and days^ 
we behold deposits effected in periods of alternating dis- 
turbance and quiet, such as might happen not far from the 
shores of the ancient sea ; and in the uppermost formation, 
the effects of agitated water predominate. 

Tlie next type, taken from Yorkshire, shews these littoral 
effects carried to extreme, in some parts of the sea, but not 
in others. The foUowing is a short view. 

The Wealden Formatioii* Unknown in the Norih of England. 

The Upper Oolitic Formation, repreaonted \ f^^j^^ ^. 
only by ... . j ^* 

(r. Upper caleareona grit 

u compoeed nearly as j ^"^ " 

in the loath of Eng-< ,^ q^^^ ^^^^ 

'*°°» • • • ( Lower group, -j n, Kelloway sandatont. 

(nu Thin blue clay. 

I L Combraah Umeston^ thin. 
k? Sandetonea and daya, with 
land planta, thin eoal, 
&C. ; calcareoua sand* 
stone, or sandy, eoncro- 
tionary, shelly lime- 
stone. 

Tu r f\ v^ V *• • j*# • ? Oolitic limestone, thin. 

The Lower Oolitic Forn*t,on m very dif- 7 j^^ Thick mass of sandstone 
ferent from that of Bath in detail, . ^ ^^^^ carbonaceous) 

and days, often full o(f 
plants, with coal-beda 
and ironstone. 
g Irony and aandy lime« 

stone. 
/. Sand, and concretionary 
\ limestone. 



'B» Lias FormatioB is Ywy nmikf to tli«t 
of tbe south of England, and by adding 
the lower membert from the Lincoln-^ 
ibire eeotion, the whole u a more fully 
expanded series than that near Bath 
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/& Upper lias ahale (ahim 
I shale). 

d> Marlstone, sandy and eal- 
careous layers. 

c. Middle lias shale (lower 
shalo' of Yorkshire 
coast). 

b. Lias limestones of S o oth 
Yorkslu«o«fli Lincoln* 
shiro. 

a. Lower lias clays of 
the Trent- side (gradu- 
ating to the red marls 
below.) 

The oolitic series of Sutherland and the Western Isles 
of Scotland) investigated by Murchison, agrees nearly with 
the Yorkshire type : so does that of the whole northern 
line of Westphaiian oolites, from Bramsche, by Minden, to 
Wolfenbiittel and Helmstadt, but the greater part of the 
continental oolites form a series analogous to that of the 
south of England. In Normandy there are almost exactly 
the same groups (M. de Caumont). On the south of the 
Ardennes (M* Boblaye), the elays of the English series 
grow less conspicuous, but the series is similar. In Bur- 
gundy (M. de BeaunuMit), the calcareous character of the 
group augments, and the argillaceous members diminish, 
so thait the several oolitic formations become more difficult 
to define than in England. The same is true in a still more 
decided degree on the border of Switzerland ; in Wurtem- 
berg and Franconia ; and generally along the borders of 
the Alps. 

The general, result of all this is, that the type of the oo- 
litic system €ff the south of Europe is more calcareous ; that 
of the north of Europe more arenaceo-argillaceous* The 
former has the air of an oceanic or deep-sea deposit, little 
disturbed by currents of water ; the latter was accumulated 
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vnder the predooiinaiit influence of littoEal agitation* In 
oao^l eases, indeed, but not unifferBally, the specially arg^fia^ 
Q^us lids fbrinatioQ is distinguishable (even among the Alpa 
and around Auvergne) from the specially calcareous upper 
oolites;: the middle part: of the system (Bath oolite forma- 
tion) is the most variable, and the uppermost formation 
(Wealden rocks) k merely locaL 

Organic Remains. — ^It is impossible to say widi certainty 
over what extent in extra-European countries the oolitic 
system spreads, because of the great ^Iterations which mix- 
ed secondary rocks experience near the axes of mountain 
elevation. Thus the description of the thick limestone 
overlying red sandstones, on the banks of the Lakes of 
Como and Lecco (De la Beche, GetU. Manual)^ would be 
insufficient to make us recognise the oolitic system, but for 
tlie additional evidence a£Porded by certain fossils. The 
lias^ oi tlie Swiss and Austrian Alps could not be satisfac- 
tprlly und^^tood wMiout their aid (Neeker and Murchi- 
sqn'a Notices) ; nor coidd the singular alternations of gra- 
nular H^^estonety nucaeeons slate, &c. of the Tarentaise 
(M. Brochant), and the problematical rocka of Piedmont 
(M; I)e Beaumont), be referred to die lias, bat for the be- 
lemnites which occur abundantly among them. It is true, 
that here, a singular anomaly occurs with respect to the or- 
ganic remains, for the belemnites of the lias are found both 
ajboye and below a great number of plants analogoua to 
those of the ancient coal-measiu'es ! But this ought not 
greasy to surprise us. There is nothing known in geology 
which should forbid an admisakMi that particular localities 
of land might enjoy an immunity from the effect of those 
causes which wrought periodical changes in the physical 
conditions and organic inhabitants of the sea. 
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' The plants of this anomalous series may be viewed as a 
remainder of the vegetation of the era of coal deposits, 
transferred to a sea fiill of organic beings of the earliest 
oolitic era. 

The importance justly attached to the study of organic 
exuvise has been overrated by some of the followers of Mr 
Smith, and wholly misunderstood by some of the opponents 
of his views. We, who have known intimately the princi- 
ples really advanced and acted on by that distinguished 
man, may be permitted to say this, and to shew what is 
really their nature and meaning, by investigating their ap- 
plication to the geological history of the oolitic rocks, the 
consideration of which undoubtedly suggested the whole 
doctrine of the identification and discrimination of strata 
by their imbedded organic ^* remains." 

7%^ heal tnUhs ascertained by Mr Smith with respect 
to the oolitic rocks in the neighbourhood of Bath, as ap- 
pears from his works, " Stratigraphical System" and " Strata 
identified by organized Fossils," are these, the nomencla- 
ture being made to suit the modem arrangements : 

(1.) The fossils of the oolitic system as a group, viss, 
the plants, zoophyta, shells, Crustacea, and fishes, differ 
completely from the fossils similarly grouped of the creta^ 
ceous system above, and the new red sandstone and coal 
systems below. 

(2.) The organic remains of the lias formation differ, as 
a group, almost absolutely, from those of the Bath oolite 
formation, and these present points of less general differ- 
ence from those of the coralline oolite formation. Thus all 
the formations have characteristic local distinctions in their 
organic remains. 

(3.) Many of the individual rocks, or masses of analo- 
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gous beds and layers, contain particular characteristic fos- 
sils, which never or rarely occur in other rocks. 

(4.) The fossils of strata the most similar in their mi- 
neral nature, as the oolite rocks, — ^the sandstones, — ^the 
days, — are more frequently similar or identical than those 
of rocks differing in nature. Thus the same, or similar 
ecbinida, occur in the Bath oolite and the coralline oolite; 
similar, if not the same gr3^he8e occur in the lias days, 
the Oxford clay, and the Kimmeridge clay. 

These local truths are found to be applicable in all situa- 
tions where the oolitic series is expanded ; they are repent- 
ed on the Yorkshire coast (Geol. of Yorkshire), on the 
west of Scotland (Murchison), (Dorsetshire (De la Bedie), 
in Normandy (De Caumont, &c.), south of the Ardennes 
(Boblaye), in Central France (Dufrenoy, &c.), in Fran- 
conia(Munster),in the south-east of France (De Beaumont, 
Voltz, &c.). 

In generalizing these local truths Mr Smith found that, 
for a considerable distance north and south, the fossils of 
the oolitic system, as a mass (1.), were almost universally 
sinMlar, and generally the same, but universally distinct from 
those of older or younger systems. 

. (2.) That the distinction of the several oolitic forma-^ 
tions was practicable for considerable distances by the same 
spedes, or groups of fossOs, which characterized them near 
Bftth. 

. (3.) That the several rocks contained^ at great distances, 
many of the same fossils which occurred in them near 
Bath. 

Hence arose the impression that, in England, the oolitic 
and other strata of the same age contiuned the same or 
sijooilar organic bodies. It was not possible for Mr Smitl^ 

M 
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to State his laws as general principles uniTersally appli* 
cable, because, originating in observation, generalized by 
observation, they were in no sense hypothetical; — ^they 
were inductive not deductive, — ^limited to things known, 
not extended to things unknown. 

In following out Mr Smith's views, it has been found, 
that the proposition (1.) of the entire distinctness of the 
whole group of oolitic fossils from the older and newer 
fossils, is almost universally true; the exceptional cases 
mentioned along the range of the Alps, being, in fact, view- 
ed as singular and difficult anomalies. It has also been 
found, that mineral masses of most contrasted types, as the 
argillaceous Has compared to the calcareous oolites, re- 
tain the same general features of distinction in organic re- 
mains, wherever they have yet been examined. Whole 
groups of the same belemnites and ammonites mark the 
lias of Yorkshire, Dorsetshire, and Wurtembei^g. It has 
also been found that the geolc^cal place of several of the 
species selected by Mr Smit^ as characteristic c^ Bath 
rocks, is the same, or nearly so, in very distant sitaatioiis 
( Apiocrinus rotundus, Cidaris ilorigemma, Avicula echinala, 
Terebratula digona, Ostrea delta, Gryphaea dilatata. Ammo- 
nites calloviensis, &c.) ; but it is also certain, that the num- 
ber of these characteristic or TMmocktimic fossils is con- 
tinually diminishing; that the influence of g^eographieal 
position is more important than was at one time imagined; 
that V£U*ying physical conditkms exerted corresponding in- 
fluenoe over the distribution of organic ^ms ; that eac^ 
species had a definite range of organic existence ; and, 
finally, that identity of species is not often to he located 
§(x at very great distances, though a remarkable general 
aBlilogy«nd similarity, of form appears stfll to be very ex^ 



OOLITIC SYSTEM. 139 

tensively recognised in the same formation at every point 
of its range. 

The abstractions used in zoological science,-^— the combi- 
nation of species into smaller groups, — and these into 
larger families, are now so much improved, that the seem- 
ing complication of llie results of the study of the thousands 
of fossil species is fast disappearing. Whole sections of 
fishes, ammonites, and belemnites mark the^liaa, others the 
oolites, others the chalk, while groups of terebratulse, gry- 
phdes^ &c. mark stages more or less definite in the scale of 
oolitic deposition. Where the rocks come to be aggregated 
together, the characters of division cease. On comparing 
distant regklns, only the broader zoological features of the 
rocks can be employed with safety. On comparing con- 
temporaneous roc^ produced under different conditions, 
we find the effects of such conditions in the monuments of 
organic Hfe; in ihe general conformity of organizations 
imbedded in contemporaneous deposits, we read the evi- 
dence of similar physical conditions over very large tracts 
of the globe; in the successive diversity of the organic 
types we see proof of the successive general changes of 
the conditions. Who will say that such results are un- 
philosophicaL or inconsistent with Mr Smith's fundamental 
doctrine, that the successive strata were successively the 
bed of the sea, and contain the remains of the vegetable 
and anfanal creation then existing on the spot or in the 
vicinity ? 

The first column of the following summary of the or- 
ganic remains in the oolitic system is taken from Mr de 
la Beche's Notes on the Geographical Distribution of Or- 
ganic Remains in the Oolitic Series of England and France 
{PhU.Mag. 1830); the second column is compiled fi*om 
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the last edition of his Geohffical Manual (1833) ; the 
third contains the number of species of oolitic fossHs in 
Yorkshire, from the second edition oi the Geology of 
Yorkahire (1835). 



Vfietable Remains, Marine, 

Crjrptogamia, 
Gjmnospennia, &e. 
Zoopbyta, Polyparia, . 

Criiioidea, . 

Stellerida, . 

Ecbinida, ' • 
Mollusca, Plagimyona, 

Mesomyona, 

Brachiopoda, 

Qaateropoda, 

Cephalopoda, 
Annulosa, 
Crustacea, 
InMcta, 
Pisces, 
Reptilia, 



1 


8 


I 


17 


23 


86 


21 


26 


12+ 


49 


172+ 


18 


6 


32 


6 


2 


11 


1 


22 


46 


16 


165 


200 


115 


110 


141 


6& 


60 


66 


28 


95 


112 


48 


138 


258 


83 


15 


69 


10+ 


1 + 


15 


9 


Seyeral 


••• 


•«• 


1+ 


22+ 


Several 


16+ 


30+ 


7+ 


1 


1 


••• 



712 



1216 



449 



The deposition of the oolitic system seems to have fol- 
lowed upon that of the red sandstone rocks without the in- 
tervention of more than local disturbances ; and it appears 
that, in general, few such occurrences broke the long uni- 
formity of the periodical agencies exerted in the oolitic 
period. Mr Murchison has shewn that the elevation of the 
granitic mass of the Ord of Caithness, took place after the 
deposition of most of the oolitic rocks, for these are thrown, 
into great confusion in the vicinity. 

In the north of England, the only igneous rock found 
in connection with the oolitic system, is the great dyke, 
which ranges from the mountain limestone near Middleton 
jn Teesdale, through the coal-measures of Cockfield Fell ; 
the magnesian limestone of Bolam, in Durham ; across the 
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red sandstone of the Vale of Tees ; the lias of Cleveland} 
and the inferior oolite, Bath oolite, and intervening sand*: 
stones and clays of Eskdale and the Moorlands, near Robin 
Hood's Bay. In this long course of seventy miles, the 
dyke retains so much of a common character, — ^its con- 
stituent basalt is so similar, — and the line which it describes 
so direct, that little doubt can be entertained of the contem- 
poraneity of its whole mass. The effects which it has pro- 
duced on the strata along the whole range are of the usual 
kind noticed near pyrogenous rocks : coal is charred; sand- 
stone hardened ; shale bleached and indurated. Nothing 
of the kind is known in the south of England. 

Disturbances of the Oolitic System, The disturbed state 
of the strata, accompanying the elevation of the Ord or 
Caithness, has been already noticed. In the north of Eng- 
land, the unconformity of the chalk and uohte indicates a low 
axis of elevation, passing east and west, under the York- 
shire Wolds ; and other dislocations parallel to this occur 
ip Eskdale and other parts of the Yorkshire oolites. A si- 
milar unconformity, and nearly equal amount of disturb- 
ance is found in the Dorsetshire oolites, where, besides, arc 
great faults of a later date. In this district, however, phe- 
nomena have been observed in the Isle of Portland, leading 
to the impression that a limited tract of oolites had been 
raised into dry land, covered with soil and prolific in trees, 
and again quietly submerged, so that the trees were left 
standing in attitude of growth, or prostrate in '^ ^ dirt-bed." 
This remarkable deposit has been observed by Mr Webster 
and other geologists ; but it is to Dr Buckland and Mr De 
la Beche that we owe a fidl account of the circumstances 
and suitable reasoning concerning them. 
. « We consider a small stratum," say these geolc^ts, 
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<< called by the workmeti < dirt-bed,' to be by fiur the most 
interesting and remarkable deposit in the district. It 

No. 13. 

Section of the Dirt- Bed in the Isle of Portland. 

" Purteck beds. 
BuTTBtone* 
Dirt-bed. 

Portland-stone. 



seems to be made up of black loam, mixed with the cfxuvias 
of tropical plants, ai^cunnilated on the spot on ^hich they 
grew, and presei^ed during a series of years in which the 
surface of the Portland-stone had for a titne becotne dry 
land, and accumulated a soil of about a fbot in thickness, 
composed of an aditiixture of earth and black Vegetable 
matter, interspetsed ^iiii slightly rounded Augments oi 
stone, which Mr Webster ascertained to be from the lower 
part of the Potdand seizes. Iliese fr£(gments are fowid to 
be almost do-extensive with the * diit-bed,' and the fact that 
we haVe yet found with them no admixture of pebbles de- 
rived from the subjacent oolites, or from any other more 
ancient rocks, shews that no violent rush of water from any 
distant region took place during the period in which these 
pebbles of Portland-stone were under the process of be- 
coming slighdy rounded." 

This dirt-bed, as Mr Webster has stated, fynm the ma^^ 
trix of the silicified trunks of very large coniferoiiis tree^ 
which are so abundant in the Isle of Portland, and are found 
there coextensive with the upper surfiu;e of the Porttand- 
stone. Wherever the dirt-bed is laid open to extract the 
subjacent building stone, it is found to contam these silici- 



OOLITIC SYSTEM. 143 

fied trees laid prostrate, paitly sunk into the black earth, 
and paitly covered by the subjacent calcareo-siliceous slate ; 
from this slate the silex, to which the trees are now con- 
verted, must have been derived. A bed of snow idling on 
a modem peat-bog, and covering the upper portion of pros* 
trate trees whose lower portion has been sunk by their 
weight into the substance of the peat, would represent the 
position of the calcareous slate which immediately covers 
these fossil trees in Portland. 

Some of them extend to a length exceeding thirty feet, 
and bifurcate at their upper end ; but the branches are not 
continuous to their extremities, luid we ^nd no trace of 
leaves. The leaves and small brandies, and exterior parts 
of the trunks, had probably decayed whilst they lay ex- 
posed to air on the surface of the peat 

Amid the prostrate trees, many of which attain three or 
four feet in diameter, we find silicified stems of plants dose* 
ly resembling the modem Cycas and Zamia; they have been 
described by Professor Bucklond under the name of Cycai* 
dioidese, and are important as indicating that the temper 
rature in which they grew was higher than that of our pre<» 
sent climate. We find also, at nearly the same inters 
vals at which trees are foimd growing in a modem forest, 
an assemblage of silicified stumps or stools of large trees, 
icith their roots attached to the earth in which they ffrew» 
These stumps are from one to three feet long ; they wre 
mostly erect, while a few are slightly inclined. The black 
earth which contains their roots seldom exceeds one foot 
in thickness ; the upper portions of the stumps, as repre-* 
sented by Mr Webster, project upwards into the substancie 
of the snpeijacent stone (called " soft burr" and " aish"), 
which gives tncKcation o€ their presence by heiiiis{^erical 
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concretions accumulated around the top of each stump Of 
wood. 

The dirt-bed is found in several places near Weymouth, 
and is slightly traceable in the Vale of Aylesbury, at Swin- 
don and Tisbury. 

'* We consider the dirt-bed as quite decisive in forming 
the barrier between the Portland (marine) and Purbeck 
(freshwater) deposits. Its accumulation must have proceed- 
ed during a considerable portion of time, antecedently to 
which the districts it occupies were entirely submerged be- 
neath the sea, and subsequently to which the water again 
returned to overwhelm them, first with a deposit of about 
1000 feet of the semilacustrine sediments of a great estu- 
ary (including the imiu3d thickness of the Purbeck series, 
and the Wealden sands and clays), and afterwards with a 
series of marine deposits, amounting to more than 1000 
feet of greensand and chalk. 

Throughout the entire, succession of all these changes, 
there is no evidence of any sudden and violent disturbance 
causing either elevation or depression of the Portland-stone 
or of the subjacent oolites. The present high inclination 
of all the beds is uniformly parallel to that of the beds of 
Purbeck-stone, greensand, and chalk, and these all seem 
to have been raised simultaneously by the same convulsion 
which elevated the axis of the Weymouth district, together 
with all the inclined strata in Purbeck and the Isle of 
Wight. 

We have a measure of the duration oi the period during 
which the surface of the Portland-stone continued in the 
state of dry land covered with forest, in the thickness of 
the dirt-bed, which has accumulated more than a foot of 
black earth, loaded with the wreck of its vegetation. The 
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regular and uniform preservation of this thin bed of black 
earth over a distance of so many miles, shews that the 
change from dry land to the state of freshwater lake or es- 
tuary was not accompanied by any violent inundation or 
rush of water, since the loose black earth, together with 
the trees which lay prostrate on its surface, must inevitably 
have been swept away had any such violent catastrophe 
then taken place." ^ 

Besides the true dirt-bed above described, Professor Hen- 
slow found two other argillo-carbonaceous layers lower in 
the rock : in one of the lower of these Dr Fitton has re- 
cently found stumps of trees of the same kind as those in 
the dirt-bed, apparently in the position and attitude of 
growth. "* ' 

GENERAL VIEW OF CIRCUMSTANCES ATTENDING THB 
DEPOSITION OF THE OOLITIC SYSTEM. 

With this example in our minds of the progress toward 
definite knowledge of the local conditions of land and sea 
during the oolitiferous era, we may turn to a general con- 
templation of the subject It is apparent from the plants 
found in the lias of Dorsetshire, the Bath oolite and coralline 
oolite formations of Yorkshire, and the Portland and Weal- 
den formations in the south of England, that land, to some 
extent, existed in several points about the re^on of the 
oolitiferous sea of Europe. The analogy of some of these 
plants to the tropical tribes of Zamia and Cycas, is sufficiently 
exact to warrant our belief in the analogy of the climate in 
which they grew ; the case of the dirt-bed seems inexpli- 
cable except on the supposition of alternation of land and 

' Geologieal TramaetUm^ second series, voL ii 

N 
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water without violence ; a given large area was subject to 
gradual vertical rise and^ to the extent of 1000 feet ix 
more, so that certainly once (perhaps thrice or more fre«> 
quently), there was time allowed for the elevated bed of the 
sea to be covered with heaps of decaying v^etation, and 
the stumps of numerous large trees which it had nourished 
into dense forests. Can any thing more plainly teach the 
human intellect not to set narrow bounds to the time whidi 
elapsed in those numerous physical conditions which pre- 
ceded the era of the creation of man and the present adap« 
tation of the surface of the globe ? 

If between the aggregation of marine and fluviatile sedi- 
ments of the Portland and Wealden formations, the whole 
life of large and stately coniferous trees has elapsed^ who 
will revive the unworthy folly of ascribing the curious proofs 
of regular and orderly structure, — ^the rich monuments of 
physical changes which the earth offers to the eye of intel- 
ligent man, — to a sudden deluge or any other violent ca- 
tastrophe ? It is time that the blind opposition to the pro- 
gress of inductive geology, based on an erroneous view of 
the true meaning of the Scriptures, derived firom days of 
ignorance, should be wholly abandoned ; and perhaps the 
consideration of the jwoof furnished in the Isle of Portland 
may be sufficient to relieve at least some of the unreason- 
able pressure which geology feels from sources where it 
should meet with hearty encouragement. 

We do not at present concede that the equisetiform 
plants which stand erect in the sandstones between Whitby 
and Scarborough grew on the [spot where they are now 
found ; nor is it at all required to suppose that, in the Weald 
of Sussex, the vegetable reliquiae were the produce of that 
very region ; on the contrary, the manner of the occur- 
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rence of the plants in both these districts appears to prove 
that considerable tracts of land m same other situaiiom 
were raised above the sea, and that rivers and inundations 
from this land transported materials of ^Ufferent kinds with 
a certain periodicity of action from more ancient strata. Bt 
what direction^ from what ranges of uplifted land these 
rivers flowed, cannot perhaps be said ; perhaps no land now 
above the waters yielded the sands and days imd calca- 
reous layers to the Weald of Sussex, the moors of Yoik- 
8hire> the borders of Sutherland and Argyle, or the northern 
oolites of Westphalia. Yet some arguments might be ad- 
duced, especially the analogy of mineral composition, to 
shew the probability of anciently elevated coal strata hav- 
ing been the source of these sandy interpolations. At all 
events, they are composed of matter swept by fresh water 
from the land into lakes, estuaries, or the sea, for die plants 
and shells found with them permit no other inference. 
These, then, if marine, are littoral deposits ; but the series 
of oolitic limestones, in which they form anomalous local 
and irregular terms, were certainly for the most part de- 
posited in situations considerably removed from tlie agita- 
tion of coasts and the intermixture of fresh water. This 
their arrangement, freedomi from conglomerates, perfection 
of organic contents, and simplicity of composition, fully 
prove. Particular beds undoubtedly (especially the top 
of the rocks) have suffered agitation. 

The concretionary structure of these limestones is imitat- 
ed in modern times only in situations where carbonate of 
lime is separated from chemical solution in water (Carlsbad). 
If we ascribe this origin to the oolitic sediment, the con- 
cretionary aggregation of the particles may be understood 

as arising from molecular' attraction in the mass, and, in 

6 
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&ct, many of the spherules of oolite contaui an internal 
nucleus of previously solidified matter, a small shell, a grain 
of sand, or somewliat else, capable of determining the con- 
densation of the particles to particular centres, just as the 
matter of ironstone has collected into nodules round a fish- 
scale, a piece of fern branch, or a shell. 

The periodical occurrence of clays, sands, and limestones 
is not less remarkable in some parts of the oolitic system 
than in those of older date ; the Bath oolite formation is 
sandy at the base and sandy at the top ; the coralline oolite 
has superior and inferior sandstones, and the same is the 
case with the Portland oolite where the series is complete, 
(Vale of Aylesbury). The days of this series i^pear to be 
in a considerable degree independent of the compound 
terms (of limestone and sandstone), and thus furnish means 
for an easy and natural division of the English oolites, which 
fail in various parts of southern Europe. 

CRETACEOUS SYSTEM. 

Geographical Extent. — In general we may perceive, as 
the several systems of strata pass under review, that the 
areas which they respectively occupy are defined by nar- 
rower boundaries, and that these approximate more and 
more to the present distribution of the 'baisins of the sea* 
The north-eastward ranges of the oolitic strata of England, 
sloping gently to the east Mid south-east, are covered on 
their declining surfaces by ranges of chalk and greensand, 
which nowhere ascend to so great heights as the oolites 
which rise from beneath them. The cretaceous system is 
unconformed to the oolites at only two points in England, 
viz. in Yorkshire and Dorsetshi];e, and round the basin of 
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Paris and in the south of France the same conformity of ^ 
the two systems is found to prevail. 

It thus becomes easy to trace the boundary of the cre- 
taceous rocks by referring to the outline of the oolites. 
The chalk and its associated beds pass from Yorkshire 
through Lincolnshire, Norfolk, Suffolk, Hertfordshire, Bed- 
fordshire,. Buckinghamshire, Oxfordshire, Wiltshire, to 
Dorsetshire, always presenting a noble front of rounded 
hills to the west and north-west. Thence they return to the 
east through the isle of Purbeck and the Isle of Wight, of- 
fering a front to the south, while the broad inland surfaces, 
which are included between the Isle of Wight and the 
Hertfordshire Hills, are formed into two parallel synclinal 
troughs (the vales of London and of Hampshire), separated 
by one great anticlinal axis (Musing from Wiltshire to the 
coast of Kent, and continued into France in the district of 
Boulogne. The anticlinal axis alluded to changes through 
Sussex into a great denudation, or valley of elevation, ex- 
posing the Wealden formation in the centre, with escarp- 
ments of the cretaceous system on the north, south, and 
west in England, and on the east in France. 

Hence, in general terms, we may say the chalk of Eng- 
land is distinctly related in escarpments and slopes to the 
present German Ocean and the eastern part of the English 
Channel. Were the level of the sea raised three hundred 
feet, its coast line would in all the eastern and south-eastern 
parts of England be parallel to escarpments of chalk. 

The long range of chalk escarpment is too obvious a 
feature in the physical geography of England to have es- 
c^>ed notice ; and in the infimcy of geology we find Lister 
observing on its great extent and continuation with similar 
characters into France. It does not occur in Scotland, and 
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in Ireland is confined to the north-eastern portion, where it 
rests on greensand, lias, red sandstone, and coal-measures. 

In France, the cretaceous system, commencing at Calais^ 
opposite the Kentish margin of the great anticlinal denu- 
dation of the Weald, sweeps in a vast circle round Paris by 
liUe, Chalons, Troyes, Saumur, and Lie Mans, to the em- 
bouchure of the Seine ; thus appearing as a great southward 
branch of the English chalk system, formed in a bay of the 
then ocean, which was defined between the mountains of 
Brittany, La Vendee, Auvergne, the French Jura, and the 
Ardennes. 

From this great area (principally chalk) a broad expand- 
ed but mostly subterranean mass of cretaceous strata ex- 
tends along the north side of the Ardennes and the valley 
of the Meuse, and continues (seen only at intervals at the 
surface) along the northern border of high ground in Ger- 
many, firom Essen to Paderborn, turning as that border 
turns to Osnaburg, and then returning through Hanover 
and Brunswick. It reappears along the range of the Car- 
pathians, and in some parts of the interior of the great ter- 
tiary plains which stretch to the north into Russia, and to 
the east to the Black Sea. In Denmark and Scania and 
along the Baltic (Isle of Rugen) chalk occurs in its usual 
character. 

Along the northern and southern flanks of the Alps some 
beds of the cretaceous system range extensively, but not so 
clearly distinguished from the subjacent or superior strata 
as usual. Along the Pyrenees, however, the chalk system 
is very fully developed, and has been uplifted to great ele- 
vations by disturbances of comparatively recent date. In 
the south of Spain also chalk with flint occurs. In Ame- 
rica rocks of the cretaceous period are abundant along the 
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etotem side of the United States, particularly in New Jer- 
sey, along the coasts of the Caroiinas, in Greorgia, Roriday 
and Alabama,^ but true chalk is either wholly unknown or 
at least very rare* 

Succession of DepasiU^'^hi different parts of the geo<- 
graphiCal area above noticed, the cretaceous system differs 
considerably; yet, as in the case of the oolitic rocks, ex- 
treme differences from a common tf^ are very limited, 
ahd evidently caused by local conditions, which insulated to 
a certain degree particular parts of the sea from the influ- 
ence of the general agencies at work. If we take as a 
standard of comparison the complete English series, we 
Aall find the fi>llowing conspectus of its local variations 
usefid. 



Yorkdilie. 



Linoidiiihixsk 



d. e. Wliite chalk. 
Red ebalk. 
6. days, greon 
and blue. 



d. e. White chalk. 
Red chalk. 
a. Oreen and 
irony eand, 
andcalca- 
raouibeds. 



C«nMd(eihli« 



e. Flinty chalk 
dL Hard chalk. 
«. Chalk marl. 
6. Golt 
a, Ironaand. 



WUtihim 



South or Ei^laiid. 



c Soft chalk. 
dL Hard chalk. 
e. Greenland. 
b. Blue marl. 
a. Irony und. 



e. Flioty chalk. 
d. Hard chalk, 
o. Chalk marl am 

greentand. 
& Golt 
a. Lower green 

or iron-sand, 

and lime- 

•tone. 



Thus it appears that the most complete section is to be 
found in the south of England ; the upper green sand losing 
itself very quickly to the north, the lower green or iron 
sand also vanishing north of Lincolnshire, and the golt and 
chalk constituting a binary instead of quinary system. The 
most constant of all the terms in this system in England are 
the upper portions of the chalk. 

^ Rogers in Report qf BriHA Auodaiknfo/r 1834. 
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The section of this system in the north of Ireland (neigh* 
bourhood of Belfast) yields chalk, greensand, and golt. In 
the north of France generally the same five terms are found 
as in the south of England, though the golt is less distinct 
than in England, and the two sandy beds not so well de- 
fined. In the country north of the Ardennes and border- 
ing on the Meuse, the chalky system, though less complete 
in the lower part (except about Aix la Chapelle), is much 
more developed in the upper part. In fact, a considerable 
mass of coarse, sandy, calcareous rocks, which is not really 
chalk, forming the hill of St Peter, near Maestricht, lies 
upon the ordinary cretaceous rocks of Belgium, and, both 
by its mineral and organic contents, offers a real though 
incomplete transition to the tertiary series of strata. 

In the north of Germany both the chalky rocks above 
and the greensands below (Quadersandstein of Pima, and 
other parts of Saxony adjoining the Erzgebirge) conform 
in many particulars to the English type. In the Carpa- 
thians the greensands predominate so as to constitute 
nearly the whole system. In the Alps, likewise, this is 
the case to a great extent, and it appears worthy of re- 
mark, 1st, that in the Saleve and parts of the Jura there is 
a real alternation of greensands of the cretaceous type with 
the upper limestones of the oolite formation ; 2d, that m 
particular parts of the north flanks of tlie Alps there ap- 
pears to be a blending of the characters of the cretaceous 
and tertiary rocks (no chalk being found), so that it is hard 
to say where the line should be drawn. ^ This tratisition. 
as it is called, firom the cretaceous to the tertiary strata is 
very different from that previously noticed at Maestricht, 

^ Murchiflon, Bou^ and others, on tite Gasau depoaUa^ in GeoL 
Trans, &c. 
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aiid seems to be due to an insulation of the Grosau and 
other districts, from the influence of the physical changes 
which elsewhere happened at the dose of the secondary 
period, while the Maestricht transition may be viewed as 
one of the few monuments left to declare the nature of 
those changes. 

In North America the most characteristic deposit, as 
along the Alps, is greensand, associated with limestones, 
compared to oolites in New Jersey, having a more chalky 
aspect in Florida and Alabama, where it assumes important 
features, but without real chalk or true flints. Some of 
the deposits in New Jersey resemble the lower green or 
iron sands of England. 

It is thus rendered evident that the English type is more 
or less applicable to the greater portions of the earth's sur- 
&ce where the cretaceous system has been recognised ; 
that the lower parts of the system are generally sandvi 
the upper parts often calcareous, but that the development 
of these two groups is not proportional nor depending on 
the same centres of influence. In the north of Europe the 
upper group seems generally to predominate, but in the 
middle of Europe the greensand system is more expanded 
and regular ; in the northern parts of the United States 
the greensand abounds, in the southern calcareous rocks 
are more important. Yet upon the whole it must be grant- 
ed that the agencies concerned in producing the cretaceous 
system were more extensive and uniform than those by 
which the oolites were accumulated. 

Two formations are almost universally admitted as con-* 
stituting the cretaceous system. 

The Chalk Formaiiony named firom the most characte- 
ristic mineral substance : thickness 600 feet. It includes 
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the following groups: — Maestiicht beds, upper or flinCy 
chalky middle or hard chalk, lower chalk or chalk marl. 

The Greensand Formation^ commonly abounding in a 
green silicate of iron : thickness 600 feet. It includes 
upper greensand, &c. golt or blue marly day, lower green 
or ironsand, with beds of sandy or chalky limestone. 

Stratificcttion, — In this system of strata, so evidently of 
watery origin, stratification, if Playfiur's definition were 
adopted (*^ strata can only be formed by seams which are 
parallel throughout the entire mass^) almost never occurs 1 
In very many instances the chalk and greensand masses 
shew no more of stratification such as this definition re- 
quires than the primary rocks ; but the cause is very differ- 
ent. Chalk differs remarkably in its composition and 
structure firom most other calcareous deposits. It is gene«* 
rally an earthy, that is, feebly aggregated mass ; it is sel* 
dom laminated like argillaceous limestones, unless where it 
is harder than usual, as for example on the Yorkshire coast 
and in some parts of the Isle of Wight. It contains evidence 
of consecutive deposition from a watery liquid as complete 
as any other rock. In general we find through a great 
mass of chalk a number of nodules of flint, variously shaped^ 
but disposed in certain layers which are almost exactly pa- 
rallel to one another, and to the bounding surface of the 
rock, and at equal distances, three to six feet These 
serve to mark the successive deposits of the calcareous 
mass ; and from the frequent occurrence of zoophytic re- 
mains in these nodules, especially in the south of England, 
it appears probable that the siliceous matter was separated 
from the calcareous, and collected round these bodies^ by 
that molecular attraction which has been previously noticed 
in nodules of ironstone and spherules of oolite. We may 
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tuppose, therefore, with Dr Buckl^uid, an intermitting but 
abundant deposition of mingled carbonate of lime and 
silica, nearly equal quantities in each successive deposition, 
and that the silica was specially attracted to local centres 
by organic and other solidified masses. This of course 
applies only to the flinty chalk, which in the south of £ng« 
land is generally at the upper part, but in Yorkshire and at 
Havre flints are rather characteristic of the middle and lower 
parts ot* the mass. 

The greensand formation shews the most complete stra- 
tification parallel to its bounding surfaces in those parts 
where the argillaceous golt and calcareous layers (e. g. in 
the vicinity of Folkstone and at the back of the Isle of 
Wight) vary the series of arenac^os aggregates. More 
regular stratification is nowhere to be seen than under such 
conditions. But where these divisions vanish, as in the 
western part of the great Wealden denudation (about 
Hazlemere, Leith Hill, Ryegate) the case is wholly differ- 
ent. The great mass of sand then exhibits little regularity 
of lamination, and besides is traversed by abundance of 
irony plates and shells in various direction^ which render 
it nearly impossible to find any seams passing through the 
mass parallel to the bounding surfaces. In such a case, 
then, the nomenclature of Mr Smith coincides with the defi- 
nition of Playfair, and several hundred feet of irregularly 
laminated sand constitute but one stratum. 

Yet even in this extreme case the interrupted layers and 
nodules of chert (analogous to the flints in chalk) indicate 
the succession of deposits, and shew us that with respect 
to rocks of watery origin the adherence to the definition of 
stratification commonly received is likely to close the eyes 
of the observer on many more important matters. 
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The golt beds are generally laminated as other argilla- 
ceous deposits. 

Organic remains occur in all the beds of the cretace- 
ous system, and there is a considerable conformity in the 
lists which have been composed of the contents of the 
greensand and chalk formations. It is also observed that a 
considerable proportion of the organic remains which are 
found in a certain member of the system in England, also 
occurs in the same in France and Germany ; that a small 
number of fossils may even be esteemed characteristic of 
the chalk, and others of the greensand formation. Locally^ 
the several minor groups, and even particular layers, are 
distinguishable by their organic contents. But if we seek 
to apply this rule beyond the continent of Eurc^, nothing 
but disappointment ensues. In Egypt the chalky rocks 
contain different fossils from those which are known in 
England. Even the Scaglia of the southern faces of the' 
Alps could not be identified by fossils with the chalk of 
England, much less could the greensand and chalky rocks 
of America, in the absence of other evidence, be referred 
to the cretaceous system by comparing the catalogue of 
species of organic remains. 

What would be the feelings of a geologist accustomed to 
believe in the occurrence of particular characteristic formB 
at every step in the range of a certain rock, on finding in 
the cretaceous rocks of America, which contain 108 species 
of clearly defined organic remains, only two which are 
identical with those in the contemporaneous European 
rocks ? ^ Yet in this we see only the illustration of a truth 
becoming every day more evident,-^the measure of the 
influence of local physical differences s and instead of fed- 
^ Berger and Conybeare in Geol^ Trans* 
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ing dismay at the loss of an (imaginary) infallible guide, 
we ought to be alive to the inyestigation of theproblem of 
co/nJUmporaneofos difference which this and other iaJcX& enun- 
ciate. There is still a remarkable analogy of the species 
buried on the two sides of the Atlantic during the creta- 
ceous period. Exogyrae, gryphsese, bacuHtes, belemnite^y 
scaphites, ammonites, occur in America, as well as in the 
European greensand and chalky limestones ; and it is pos- 
sible that the spediic differences of the organic forms may 
have been overrated, n9thing being more difficult to define 
than the mUurai limita of organic variation. 

In the following table, summaries of the invertebral or- 
ganic remains of the cretaceous system mentioned by the 
authors of several works on the Geology of Sussex, Nor- 
folk, Yorkshire, and Paris, are compared with a general 
catalogue of European fossils in this system, given by Mr 
De la Beche. In the Sussex and Norfi>lk catalogues, the 
numbers are in excess, because the same species has been 
counted in several beds of the 83rstem.^ 
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Simex. 


Yorkdiirt. 


Park. 


Norfolk. 


Polyparia, . • 


146 


26 


21 


1 


32 


Radiaria, . • 


85 


29 


16 


10 


34 


Conch. Plagim. 


87 


32 


13 


4x 




Mesom. 


122 


46 


8 


19) 


100 


Rnditta, 


23 


• • • 


••• 


-1 


firach. 


67 


21 


11 


13^ 




Gasteropoda, . 


56 


31 


8 


.»} 


40 


Cephalopoda . 


107 


60 


29 


^v 


Crastacea, 


11 


13 


3 


• • • 


1 


Annnlosa, • . 


30 


11 


3 


2 


22 


Cirripeda, . • 


2 


1 


3 


2 


4 



^ See a Complete List of Greensand Fossils, by Br Fitton, in 
Geol, Trans, 1836. 
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The distribution of the organic remwns in the cSialk uaA 
greensand formations, may be best illustrated from tl« geo- 
logy of Sussex and the geology of Yorkshire. 





Chalk Ponnatloa. 


Qteenwad f^oramtkMi. 


Sunex. 


Yorkshire. 


Sussex. 


YorksMte. 


Zoopliyta, generally, . 
Conohifera, generally, • 
MoUusca, generally, • 

• 


48 

57 
64 


31 
10 

4 


7 
46 
37 


6 

32 

3 



The small number of conchifera and mollusca in the 
Yorkshire chalk is remarkable. 

IffHeout Rocks,^^ln England, no rock of igneous origin 
is associated with the chalk or greensand. Such occurrences 
are less rare on the continent of Europe, among tlie Pyrenees 
and the Alps: at Weinhohla, on the Danube, greensand 
b covered by sienitic rock. But the most remarkable oc- 
currence is in the north-east of Ireland, where the chalk is 
almost universally covered by stratiform greenstone, basah, 
and ochry rock, and traversed at several points by dykes of 
similar rocks, and in one place (Murloch Bay) entangled 
with a sienitic rock. A satisfactory notion of the nature of 
the mass of igneous rocks, which, in this part of Ireland, oc- 
cupies nearly all the space to the east of aline from the south- 
eastern angle of Lough Neagh to the mouth of Lough 
Foyle, and in almost all parts rest on chalk and greensand, 
may be gathered from Dr Richardson's secticm of the difis 
near the Giantfs Causeway. 

Feet. 

60 Basalt, rudely columnar. 
9 Hed ochre, or bole. 
60 Basalt, irregularly prismatic. 
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F«et 

7 Basalt, columnar. 

8 Of a nature intermediate between bole and basalt. 
10 Basalt, coarsely columnar. 

54 Basalt, columnar, constituting the upper range of 

pillars at Bengore Head. 
54 Basalt, irregularly prismatic. In this the wacke 

and wood-coal of Port Nocker. 
44 Basalt, columnar, forming the Causeway. 
22 Red bole, or ochre. 
80 Tabular basalt, and thin seams of bole. 
88 Do. occasionally containing zeolite. 

The basaltic dykes which pass through the chalk in the 
islaiid of Rathlin, and other places, convert it into granular 
crystallized limestone (dpse to the dyke largely crystalli- 
zed), from which extreme change the effects diminish in 
proportion to the distance from the dyke, through the stages 
of small granular, arenaceous, and compact stone, to the 
ordinary chalk. (The Irish chalk is more close-grained than 
the English.) This colour of the chalk is altered also; near 
the dyke very brown, at a certain distance bluish, further 
off yellowish.^ It is not improbable that much of the ba- 
saltic formation of the western coasts of Scotland, includ- 
ing the magnificent pillared rocks of Staffa (see the very 
correct engravings annexed), are of the same date as the 
Causeway rocks. 

Disturbance, — Throughout England there is little or no 
proof of any considerable disturbing movements following 
upon the deposition of the chalk ; yet, from the character 
of the lower tertiary strata of England which rest upon the 
chalk, it appears undoubted that considerable agitation of 
water occurred, for the surface of the chalk was wasted, 
^ Rogers in Report to the British AstooiatUm, 
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and conglomerate or pebble beds formed of the detrital 
flints. The mass of igneous rocks poured out on the chalk 
of Ireland, is of too indefinite an age to be appealed to as 
proof of convulsions in that quarter. But on the continent 
of Europe, De Beaumont assigns to this period his Pyre- 
neo-apennine system of convulsion, — ^the elevation of the 
Pjrrenees, Carpathians, Northern Apennines, Dalmatia, and 
the Morea, in lines ranging parallel to a great circle on 
the sphere through Natchez and the Persian 6ul£ It 
appears also that some disturbances which happened dwr* 
ing the cretaceous era, are traceable in Mont Viso and the 
Western Alps. Supposing the Pyreneo-apennine system 
to be principally, if not wholly referrible to this period, 
we seem to behold a reason for the a^tatton of the shores 
of the English chalk basin ; the distant convulsion might 
sufficiently explain this local and transient agitation, but, 
ih &ct, it is very probable that the English chalk under- 
went a gradual local elevation, which contracted the area 
of the bordering seas, and formed shores and dry land 
slopes of chalk, to be wasted by the waves, the rivers, 
and the rains. The pebble-beds of the tertiaries which 
rest on the chalk of England, do indeed more exactly cor- 
respond to such an origin than to the effect of sudden and 
violent disturbance. 




TERTIARY STRATA. 

Bcae of the Strata. — ^We have seen that during the 
long and yet unmeasured period which elapsed during the 
accumulation of the secondary strata, elevation of the land 
continually happened by gradual forces, and sometimes by 
violent disturbance. The most striking case of the latter 
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18 the general disruption of the coal system, at least before 
the completion of the r^d sandstone deposition. Of the 
gradual elevation of strata, almost the whole series furnishes 
continual proof. Hence it is, that the oolitic rocks follow 
one another so exactly in their geographical boundaries, 
retiring continually into smaller and narrower areas, as the 
elevation of the old land proceeded. In the continuation 
of the process, the greensand and chalk form, at least in 
England and France, a still interior band of deposits, which 
mark the gradual contraction of the seas, that is, the gra- 
dual uprising of the land. 

The tertiary strata have, in general, to the chalk the same 
geographical relations as that to the oolites. Throughout 
England, the chalk is the base of all the tertiary strata. In 
France this is generally the case, and almost universally so 
for the marine tertiaries. In the north of Germany, along the 
north and south slopes of the Alps, and in the basin of the 
Danube, Ihis is at least very extensively true. In North 
America, the general basis of the tertiaries is the cretaceous 
formation. On more dose inquiry, it appears, however, 
that the tertiary strata are seldom exactly conformed to the 
stratification of the chalk ; that any thing like a gradation 
or alternation of the cretaceous into tertiary deposits, is 
rarely known ; that the organic remains of the one group 
differ almost wholly and absolutely, except in the south of. 
France, at Maestricht, &c., and constitute two distinct 
groups of cre^cted life. Hence it has become a popular 
opinion, that with the secondary strata ended a certain ge- 
neral condition of the globe, and with the tertiaries com- 
menced a totally new arrangement. Moreover, because we 
find the marine tertiary strata distinctly related, in geogra- 
phical expansion, to the present basins and arms of the 
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and remarkable. In the basin of Paris^ at least two fresh- 
water and two marine deposits alternate in the tertiary se- 
ries. Alternations of really fresh-water and really marine 
products happen in the south of France, the valley of the 
Rhine, in Hungary, and the Isle of Wight In these cases 
the explanation is possible, without supposing repeated up- 
liftings and submersions of the land— of which, from other 
phenomena, there is no evidence — ^by merely conceiving 
estuaries or expansions of water, such that the influence of 
rivers and the sea might alternately predominate, just as, in 
fact, we know to have happened, even in historical times^ 
in the marshes of East Norfolk, — and as must have often 
occurred in similar tracts at the mouths of rivers where va- 
riable sand-banks abound, and alter the direction of littoral 
currents. At some later epoch, the whole bed of the estuary 
has been uplifted to its present elevation above the sea. 

Nature of the Marine and Fresh-waier Deposits^^-lt is a 
remarkable confirmation of the views of modem geologist^ 
that a great portion of the substance of sedimentary strata 
was swept down to the sea by inundations and other watery 
forces operating on the surface of the dry land, — ^that the 
marine and fresh-water sediments of the tertiary era have 
so much general analogy. In each we have calcareous, 
arenaceous, and arenaceous deposits, alternating, — stra- 
tified, laminated, in a similar manner ; the organic exuviae 
are similarly disposed in the beds, and, but from the cha- 
racter of these, we could not in general venture to pro- 
nounce upon the nature of the water in which the bed^ 
were deposited. Some distinction is, however, to be traced ; 
the marine arenaceous sediments are thicker and more con- 
futed than those of fresh-water ; the marine clays are less 
minutely laminated. It may be remarked, in general, that 
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limestones and fine light-coloured clays constitute tlie prin- 
cipal mass of the fresh-water sediments ; while sands, and 
blue and variously-coloured clays more particularly mark 
the marine depositions. The latter appear like tlie proi- 
ducts of littoral agitation, as if the wearing of cliffs of older 
strata had furnished the materials of these newer rocks ; 
while the former resemble the accumulations from the 
wasting surface of chalky and argillaceous countries. This 
is more particularly the case in the Isle of Wight, where 
the coloured sands of the marine tertiaries might seem really 
to have drifted only a few miles from the equally-coloured 
sands of the greensand and Wealden formations ; while the 
fresh-water marls and limestone may be imagined to have 
been added from a wasting sur&ce of chalk hills. 

SCALB OF GBOLOGICAL TIMB. 

In all our former inquiries, the successive geological pe- 
riods have been arranged by the marine deposits and marine 
fossiHa ; and the same plan must be followed in these ter- 
tiary rocks if we wish to preserve consistency. The true 
plan of comparing the tertiary and •earlier strata, in refe- 
rence to chronology, is to reject the lacustrine and estuary 
deposits, and the remains of land and fresh-water animals 
and plants, and confine ourselves to the marine productions 
merely. Had this prudence been duly observed in geolo- 
gical reasoning, much inconsistency and contradiction might 
have been avoided ; the fresh-water depositions (which are 
merely local terms in the series of strata), would not have 
been appealed to in proof of the relative ages of marine de- 
posits, nor should we have been led, by the occurrence of a 
few exuviae of la^nd mammalia, into conclusions at variance 
with the evidence of marine invertebrata, which are the 
true indices of past geological time. 
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Succession of time, as determined by marine productions* 
is the true scale of geological classification ; and it is dear 
that the fresh-water strata of any series can .only be deter-< 
mined in age by their relations to the marine ; also, as the 
laws of changes of organic life, which are gradually unfold- 
ed by geology, are founded, in the first instance at least, on 
the facts known with reference to marine fossils, it is to this 
standard that the independent series of analogous changes 
on the land must be referred. The rcUe of such changes 
on the land, however real and regular, may have been 
wholly different from that in the sea, and must be studied 
apart. This reasoning leads directly to a classification of 
the phenomena of tertiary deposits under three heads, — 

The Marine deposits, 

The Fluviatile deposits, alternating with marine de- 
posits. 

The Lacustrine deposits ; 
a classification, however, which is better suited to a philo* 
sophical review of the results of investigation than to a de- 
scription of the phenomena, for these are oflen intimately 
associated. 

• 

BRITISH MARINE TERTIARY DEPOSITS. 

Geographiccd Extent, — ^In Europe, the area covered by 
marine tertiaries is scarcely inferior in extent to that occu- 
pied by either the primary or secondary series. Ireland and 
Scotland, and all their dependent islands, are wholly deficient 
in these strata, unless we choose to make exceptions in fii- 
vour of uplifled beaches whose date is yet uncertain, like 
the terraces on the sides of the Forth, and the shelly beds 
on the coast of Wexford. No tertiaries occur in Wales» 
unless the shelly gravel on the north &ce pf Snowdonia be 
of this date ; neither do any traces of these deposits, oocjor 
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od; the coast of England further north than Bridlington in 
Yorkshire, nor to the west of the Isle o£ Purbeck. Raised 
beaches, however, are met with beyond these boundaries. 
Inland, the tertiaries follow a line parallel to the chalk 
escarpment in all its great flexures, and along the east and 
west axes of dislocation. There are, consequently, two 
great troughs or basins of tertiary strata, viz. those of Lon* 
don and Hampshire, both ranging east and west. 

Succession of Strata* — It is remarkable that in these two 
basins principally, though not exclusively, lie the lower 
members of the tertiary series of England, while other mem- 
bers have mostly a local distribution, depending on diife- 
rent drcumstances. No complete type of the English se- 
ries can be had at any one locality, not even in the Isle of 
Wight, where alone the fresh-water formations are distinct- 
ly seen. To compose a complete section, we must add 
together the strata of Norfolk and Suffolk, the beds of the 
London basin, and the varied deposits of the Isle of Wight* 
We thus find that the marine deposits of England range 
themselves in three groups, viz; 

Upper group or Crag, Generally arenaceous. 

Middle group or London Clay, ...Mostly argillaceous. 
Lower group, or plastic clay, &c...Clays and sands. 

Of these the upper growp occurs only in Norfolk, Suffolk, 
and Essex (unless the tertiaries of Bridlington may be class- 
ed with it) ; the lower group is confined to the basins of 
London and Hampshire. The fMowing is a sketch of the 
state of knowledge concerning each of these groups. 

J%e Lower Grot^ of Plastic Clays and Sands is beat 
seen in the Isle of Wight, where its characters are easily 
examined at Akim Bay, at the west end of the island, Mr 
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Webster, who first described this interesting spot, gives the 
following succession of the beds lying next to chalk, all ver- 
tical or nearly so. The chalk is covered by a calcareous 
marly bed, probably not related to the tertiary deposit. 
Then follow 60 feet of green, red, and yellow sand ; 200 
feet of dark blue day, with greensand and septaria, and a 
few shells; 321 feet of variously-coloured sands; 543 feet 
of pipe-days and sands of various colours, which, by crum- 
bling and exposing fresh &ces, shew very bright and splen- 
did tints of white, yellow, orange, red, green, grey, and 
black. Near the middle, lignite is found in these beds 
(with remains of fruit) ; and in the higher part toward the 
north, five other beds of lignite occur, each about a foot 
thick ; rolled black flints in yellow sand. (Dark colour- 
ed clay 250 feet thick, with greensand and septaria, and 
abundance of shells of the London clay closes the series.) 
Reduced in thickness, these sandy and argillaceous layers 
continue both east and west. At Poole they yield valuable 
pipe-clay and sands. 

In the basin of London the plastic clays and sands vary 
in thickness and quality, but present general analogies with 
those of the Isle of Wight, in the variously-coloured sands 
and clays of Reading, layers of worn flint pebbles (Black- 
heath), mostly very small, and a few beds of shelly day 
(Woolwich.) It is in most places somewhat confused in 
lamination, full of indications of httoral agitation, and ap- 
parently accumulated with considerable rapidity by very 
limited agencies. Whence have come the masses of sandy 
materials which compose this deposit in the two basins in 
question ? We have already said that in the Isle of Wight 
it appeared as if the tertiary sands had been derived firom 
the ruins of the very similar subcretaceous rocks of the vi- 
dnity. Perhaps the hypothesis may be extended to the 
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basin of London, (once certainly united with that of Hamp-* 
shire.) Mr Lyell, indeed, in reasoning on the basin of 
London, has proposed the ingenious hypothesis of the ad- 
cumulation of all the materials of these basins from the 
waste of the Wealden district, assumed to be then rising 
gradually to encounter the ravages of the atmosphere. The 
evidence is not satisfactory^ and the supposition involves a 
point of some importance not yet conceded, viz. the gra- 
dual elevation of the Wealden district. At all events, the 
probability is great that some uplifted greensand ranges 
contributed materials to the plastic clay formation. 

The Middle Group, or London C7cfy, is most fully de- 
veloped in the v^e of the Thames, and best known in the 
vicinity of London. The numerous wells established here 
have shewn the inferiority of the plastic clays and sands to 
the London clay, and contributed to make known the cha- 
racters of this great argillaceous deposit, which, in some 
places, is above 500 or 600 feet thick, and in Essex, at 
High Beach, 700 feet, according to Conybeare and Phillips, 

In this great thickness of blue and brown clay is little 
variety, except what is caused by a few layers of nodular 
septaria, and toward the bottom greensands or sandstones, 
(which are more fully developed at Bognor on the coast of 
Sussex.) Laminated shelly beds also occur (Knightsbridge 
Well), and in the Harwich Cliff are layers of stratified lime- 
stone, (Greenough, in Geol, of Engl, and Wales^ p. 24.) 

Organic remains are nowhere rare in this deposit, and, 
in particular localities, extremely abundant ; 239 species 
are mentioned by M. Deshayes from the London clay, 
principally of Hampshire and Highgate ; and of these only 
twelve, or five per cent., have been found living in the pre- 
sent seas. 
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What is the origin of this mass of day ? Mr Lyell sup- 
poses the uplifted Weald of Kent and Sussex to have 
yielded the materials of the whole of the marine tertiaries 
to the nordi and south ; that waste of the sandy tracts of 
the Weald furnished the plastic clays and saucbs, and the 
Weald days contributed the argillaceous secUments. But 
this speculation can neither be advocated nor opposed ex- 
cept by trains of argument involving too many assumptions 
to be satis&ctorily admis^ble in inductive geology. 

The Upper Grotty or Crag Formaiiony is a local de- 
posit of a character very difR^eat from ail the older strata. 
It consists of two parts, which, according to recent re- 
searches of Mr Chaidesworth, are placed in superposition 
at some points on the eastern coast, particularly Rarasholt 
near Woodbridge. The lower part is either a loose, par- 
tially calcareous sandy mass (Ramabolt), very full of shells^ 
and containing a considerable quantity of corals, not at all 
agreeing with the zoophyta of the Grennan Ocean, or.ela^ 
a coarse sandy zoophytic limestone (Aldborough and Or- 
ford),.in which some of the same shells occur. The thick- 
ness of the lower, or coralline crag, is not certainly known ; 
from seven to twelve feet are exposed ; it is scarcely ferru- 
ginous ; shews no considerable marks of watery agitation ; 
pebbles and rolled shells are not seen in it. 

In these particulars it differs much from the upper or 
red crag, which shews, by its very confused, often curved, 
and obliquely-intersecting lamination, by its abundance of 
rolled pebbles, bones, and shells, ]:H*oofs of having been ac- 
cumulated under the influence of agitated waters. No 
trace of land plants occiu-s ; in general no alternation of 
clay deposits is seen ; and though a few bones of mamma- 
lia have been found (as in the older and quietly deposited* 
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tertiaries of Italy), ihene can be no doubt that the whole is 
a littoral marine accumulation. The whole is very ferru- 
ginous, ^lells are exoessiyely plentiful ; and ia htt con- 
stitute, in some places near Woodbridge, the principal part 
of the mass. Conk are very rare (thou^ not absolutely 
unknown); and solenostomatous gasteropoda, (including 
reversed whelks), very plentiHil. 

From the composition and character of the upper or red 
crag we may venture to adopt the opinion, that it is little 
eke than an elevated beach of the German Ocean, parallel 
to the shore of which it is extended from north to south 
tlurough the eastern parts of Norfolk and Sufiblk. The co- 
faHine crag below it may be viewed as a less dkturbed pro« 
duct of the same ocean farther toward the deep sea. 

What relation does this shelly deposit bear to the actual 
beach and littoral bed of the German Ocean ? This ques- 
tion brings us to a more dose consideration of the organic 
recoains of the orag, which, according to Mr Charlesworth, 
amount, in the collection of Mr Wood of Hasketon near 
Woodbridge, to 470 species, viz. — * 

Annulosa, .... 13 Conchifera, . . . 18d 

Cinipeda, .... 11 MoUusca, . . . 257 
Of these 111 have been examined by Deshayes, and he as- 
signs 45 of these (40.1 per cent) to recent types mostly 
found In European seas. In the coralline crag Mr Charles- 
worth finds 350 species of testacea, and in the red crag 
230 ; 150 are common to both the deposits ; 80 are pecu- 
liar to the red crag ; 200 to the coralline crag. 

M. Deshayes' result, quoted above, was principally found- 
ed on an examination of the red crag. Lately he has also 
examined a portion of the shells of the coralline crag, and 
finds in tihese the same, or rather greater, proportion of re- 
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cent ipecieis.^ According to this evidence, the lower or 
coralline crag is to be classed with the red crag ; as a some- 
what anterior deposit, produced under different local con- 
ditions, but including organic exuviae which bear the same 
numerical relations to the present forms of marine inverte- 
brata. In some of the Norfolk crag are detriUU fogsiis 
from the chalk and oolitic series of rocks. 

A deposit of shelly sands and clays has recently been 
found on the coast of Yorkshire at Bridlington Quay, which 
(^nnot at present be referred to its true place in the scale 
of British marine tertiaries. 

The green and yellow sands. and blue days, which con- 
tain the shells, form the base of a perishing diluvial cliff ; 
and, in the compass of a few yards' length, fifly-five species 
of shells have been found, besides some small cephalopoda, 
and several bones and teeth of fishes. Of the shells, four 
species are also found in the crag — five or six are identical 
with living species — a considerable part of the remainder are, 
as far as yet known, peculiar to this locality.^ 

BRITISH FRESH-WATER DEPOSITS. 

These are confined to the Isle of Wight and part of the 
adjacent coast of Hampsliire. Mr Webster first called pub* 
lie attention to them. Against the London clay mention- 
ed in the section of Alum Bay rest a considerable mass of 
sands, chiefly white or light coloured, which gradually lose 
the verticality of the dislocated beds here, and turn io as 
to become almost perfectly horizontal. (See Diag. No. 14.) 
Upon theme lies a mads of nearly level stratified marls and 
limestones constituting Headen Hill. These calcareous 
marls, &c. constitute the fresh-water formation, and they are 

' Proceedings of British Association at Dublin. ' Ibid. 
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parted into two groups, upper and lower fresh-water beds, 
by an intermediate ^et of strata containing estuary and some 
really marine shells. 

ITte Upper Fresh-Boater Chrovp consists of thick lime- 
stone and marl beds, ftill of limnese, planorbes, and other 
fresh-water shells; the Umestone is partly compact and partr 
ly loose and chalky ; the marls of a light greenish-yellow 
or blue ; altogether fifVy feet or more thick. 

The Middle or Estuary Chrovp is about thirty-six feet 
thick in Headen Hill ; it is a greenish marl, not materially 
different from some of the fresh-water beds, and is actually 
crammed full of neritina, potamida, ancillaria, and many 
other small estuary and marine shells. A bed of oysters 
occurs with them in another part of the island. 

The Lower Fresh^waUr Chrovp^ sixty-three feet thick in 
Headen Hill, is very like the upper beds (at Binstead are 
alternations of siliceous limestone) ; the lower part is a dark 
clay. Fresh-water shells are very numerous in particular 
layers. Below is white sand without fossils. 
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Though the English tertiary strata occupy but a very 
small space, compared to the wide extent of these strata 
on the continent, they are not inferior in interest to those 
of any district in Europe. There is a very remarkable 
analogy between the tertiaries of the basin of Paris and 
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those of the basiii of HanqiBhirey extendmg even to the 
number and circumstances of the fresh-water beds, accom- 
panied, however, by as remarkable a difference in the com- 
position and character of one part of the series. The fill- 
lowing is the arrangement of the tertiary strata near Paris 
adopted by Cuvier and Brongniart, (Tableaux des Ter- 
nans). 

Upper Fresh-^waier orEpiUnmie Gfrnq^y oonasts of two 
sorts of rocks, separate or in combination, viz. marly lime- 
stones with calcareous or argillaceous nuorls, and sificeous 
rocks. The former always shew tubular cavities proceed* 
ing upwards, as if gas had passed ikrough the sediment 
#hile soft. The latter consist principally of the cavernous 
siliceous substance called French biur, in some portions 
Q^ which are shells. 

Upper Marine Group^ consisting of sands and sandstones 
^ various colours, and some conglomerates with a few 
shells and marly beds. 

Ijower Fresh-water, or PaUeotherian Group, consisting 
of siliceous limestone, marls, clays, and gjrpsum, with A 
considerable number of lacustrine shells and bones of ex- 
tinct pachydermata, and a few land and fresh- watef plants. 

Lcwer Marine Formation, at Calcaire grossier ; a thick 
bedded coarse-grained shelly limestone, with abundance of 
marine zooph3rta, shells, and fishes, some cetaceai, &c. 
Some sandy beds accompany it, and grains of green silicate 
of iron. 

Plastic Clay sand Sands of different colours, as green, red- 
dish ; beds of lignite in the upper part ; some limited layers 
of detrital pebbles in the' lower part ; few organic remains. 

It will be seen from this brief notice of the terdaries of 
the basin of Paris, that they present a marked genetal 
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agreement with those of Hampshire ; similar plastic days 
and sands below ; similar alternations of fresh-water and 
marine strata above. Yet the particular differences are 
eren more striking. If the general agreements indicate 
some predominant analogies of physical conditions, spread- 
ing each way from the English channel, these particular 
differences are no less instmctive in shewing the essential 
diversity of phenomena arising from local ctrcumstances. 
The lower marine formation of the Paris basin corresponds 
in geological age with the London day, and contains the 
same organic fossils, with many others ; but it is a calca^ 
reous, and not argillaceous, deposit The fresh-water foi^ 
mations differ considerably from those of the Isle of Wighr, 
by the prevalence of siliceous concretions and beds, the 
local production of g3rp8um and other circumstances. 

It appears by no means unlikely that the loiver fresh- 
water beds of the Paris basin are really the equivalent of 
both the fresh-water deposits of the Isle of Wight, while 
the upper Parisian deposit from fresh water has more the 
air of a really lacustrine accumulation, and is the most re- 
cent deposit in the district 

The tertiary series in the south of France has a general 
analogy.to that of tiie vicinity of Paris ; but the differences 
are great, and, upon the whole, tend to produce a corres- 
pondence with that of Italy. The following is the arrange- 
ment of beds : — 

Upper Fresh-water Lacustrine deposit, contuning shells, 
insects, and plants. 

Upper marine beds. 
Sands. Micaceous and light -coloured, with remains 
of land and marine mammaliay land and fresh-water 
reptiles, fishes and shells. ' 
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Marid and limestone, (calcaire moellon), with remains 
of marine mammalia, fishes, mollusca, principally in 
the upper beds. 
Argillaceous marls, the same as the blue subapen- 
nine marls, with marine shells in abundance ; ter- 
restrial exuviss rare ; an estuary bed enclosed. 
Lower Fresh-water Formation. Pisolitic limestone; marly 
and siliceous limestones, with land and river shells ; 
marls, silex, and slaty magnesite with gypsum, con- 
taining land and fresh- water exuviae. 
Lower Marine Formation. Calcaire grossier; greensands, 
&c. ; inferior days, lignites, &c. 
Combining the sections of the subapennine and Sicilian 
formations, but rejecting the superficial gravel and detri^ 
tus, we have three principal terms : 

Upper Subapennme, or Sicilian deposits. In the Val 
di Noto is the most complete section of these com- 
paratively recent beds. The uppermost groups which 
rises in Castrogiovanni to 3000 feet above the sea, 
is calcareous, sometimes 700 or 800 feet thick, stra- 
tified, and locally solid. The organic remains are 
almost exclusively of recent marine species. The 
middle group is a white calcareous sand or yellow 
sand, like what is found covering the sub-apennine 
marls in Italy. The lowest group is a blue argilla- 
ceous marl, with numerous fossils, mostly of recent 
species (Dr Daubeny and Mr Lyell). 
Middle Subapennine deposits. Several thousand feet 
thick, composed of fine laminated, argillaceous, and 
calcareous marls, and blue days ; with rare inter- 
polations of lignite, sandstone, and thin limestone ; 
abundance of organic remains, often referrible to 
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existing marine testacea, &c, and a few instances 
of imbedded remains of land mammalia (Mr Lyell). 
Lower Subapennines* These occur in the Superga, 
near Turing and consist of greensand sand marlsi rest- 
ing on a conglomerate of fragments of primary rocks 
(Brongniart, Lyell). 
The researches of Murchison and Sedgwick on the north 
flanks of the Austrian Alps, those of Boue in Transyl- 
vania, and of Studer in Switzerland, have yielded com* 
plete information as to the tertiary strata of tliese districts. 
The most complete section is that given by tlie English 
geologists in Lower Styria. 

Uppermost group. Calcareous sand and pebble beds, 
calcareous grits and oolitic limestone; shells are 
plentiful ; some of them -still exist in the sea. White 
and blue marl, calcareous grit, white marlstone ; and 
concretionary white limestone, containing shells. 
Middle group. Coralline limestone and marls, several 
hundred feet thick ; organic remains of the middle 
sttbapennines. 
Lower group. Conglomerate, with micac^-calcareous 
sand and millstone ; dark blue marly shale, sand, 
&c. Some of the shells are identical with species 
of the calcaire grossier and London clay ; shale and 
sandstone with lignitic coal, conttdning bones of an-- 
thracotheria and fluviatile shells and plants, mica- 
ceous sandstones, grits and conglomerates of pri- 
mary detritus. 
Without adding to these details the sections along the 
Carpathians, and in the plains which extend from them to 
the north, we may proceed to offer a short view of the ge- 
neral analogies and distinctions which appear to prevail 
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among the tertiary strata of Earape widi reference to gto^ 
iogieai time. 

jIttMerai (Jowiponiwtim — it is cndenty from oompanng^ 
die sections given, that no special rescnAiance of the strata 
in thickness or minend composition can be traced, sadi as 
we have fbond to be frequently obser vab le while examin- 
ing the older strata. All are composed p r incipal ly of cal- 
careous^ arenaceous, and argillaceous matter ; but so are 
aD the secondary strata. We do not find in die different 
regions compared any setded order of succession among 
the roda of diflerent nature. The English series has no 
marine limestone ; the Parisian no tfaidc marine days ; the 
sn b apennine deposits have fitde arenaceous matter. It 
is ^iparent, in fiict» that the tertiary deposits vary as to 
their mineral composition very much more in relation to 
locality than to geological time, — a fiurtwhidi at once sub« 
Terts all hope of arranging them in geological chronology 
by comparison of their mineral constitution. It also leads 
us to infer that the deposition of tertiary strata took place 
in arms and gulfs of the sea, which ramified among the 
masses of land then raised in Eivope, and deriTed sedi- 
ments of different nature from these different lands. Hence 
the subalpine tertiaries have one character ; those of the 
subi^)ennines another ; the subpyrenean a third ; the Pari- 
irian a fourth ; the English a fifth. 

By prosecuting this research, we find, in fact, that the 
tertiary formation was sometimes produced in insulated 
seas, like the Adriatic, and the valleys of the Rhine and 
Danube ; at other times under the infiuence of the general 
ocean, as those in the plains of the Garonne ; often in 
basins, like the Parisian series. Thus h, principle of classi- 
fication is indicated, not entirely inapplicable, it is true, to 
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the older strata, because these were also dependent oo 
local conditions, but yet in a peculiar sense appropriate to 
this comparatively modem system of deposits. 

It is easy, in fact, to perceive, that, by the united effect 
of so many systems of disturbuig movements, the expand"^ 
ed seas, in which the older strata were deposited, had been 
either divided into portions completely separate, or united 
by narrow straits, or placed under very different relations to 
ocealiic currents and inundations from the land. In con- 
sequence, the causes of local diversity, always operating 
from the yery commencement of geological time, approach- 
ed their maximum of effect in the tertiary periods, and left 
among contemporaneous marine deposits very slight ana- 
logies. 

Organic Rematns.^^B}at the phenomena of organic life 
offer us another and independent scale of comparison, which 
the principles of Smith, developed by the researches of 
Deshayes, and the reasoning of Lyell, have encouraged us 
to apply to the tertiary strata, for the purpose of deter- 
mining in each disiricty those lines of contemporaneity, with- 
out which geological history has no princij^e of oMnbina- 
lion, — ^no clew to general la#s. 

For the sake of precision in our inqtiiries, let us suppose, 
in conformity with the general bearing of all the results 
arrived at by investigations among the earlier strata, that 
the changes of marine organic life were, in the region of 
Europe, during all the tertiary periods^ proportional to 
1^ time elapsed; and since the tertiary strata contain 
forms identical with living species, let us agree to form our 
scale oi£ geological time, as indicated by the change of or- 
ganic life, by reference to the present catalogues of inver- 
tebfal animals living in the sea and fresh-waters. 
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According to die proportionate number (or per-centage) 
of fossil forms identical with living species which are found 
in any tertiary stratum, its date will be nearer to or iurther 
from the epoch of the commencement of the present order 
and arrangement of living nature. That this principle is 
strictly and generally true, can neither be proved nor 
granted ; because it is neither proved nor probable that the 
influential circumstances according to which the changes 
of organic life proceeded, varied in any place, much less 
in all places, exactly in proportion to the time elapsed. 
Yet the change of organic forms is probably the most 
general and strict measure of time which can be found 
among the tertiary strata ; and in adopting it Mr Lyell has 
certainly entered upon a very interesting train of inquiry, 
capable perhaps of even more exact application among the 
strata of older date, when the contemporaneous conditions 
of different parts of the globe were certainly more uniform 
than during any part of Uie tertiary period. 

It is indeed this very diversity of local conditions that 
makes it extremely doubtful how far we may venture to 
£^ply to individual cases the law which perhaps may l^ 
true only of the assemblage ; just as a mathematical ex- 
pression for terrestrial temperature of the surface may be 
quite exact for the mean of a whole zone of latitude, yet not 
correct in any one point of the whole surface, because of 
^lifferent circumstances. 

For example, the shores of Italy are mar^ned by ter- 
tiary deposits, which have been raised out of the existing 
Mediterranean Sea, and contain many species of marine 
exuviae still living in that sea, and nowhere else. The vjle 
of the Danube is also full of tertiaries, which contain many 
shells ; but this once tertiary sea has been wholly laid dry^ 
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and all its peculiar testacea are imbedded in the earth. It is 
apparent that the fossils of Italian tertiaries will shew nu- 
merically greater resemblance to existing species, than 
those which lie in the contemporaneous deposits of the 
Danube, the numerical difference being in proportion to 
the (unknown) number of shells which in a former condi- 
tion of the globe were peculiar to that new dried tertiary sea. 

Some difficulties connected with the application of the 
principle to the comparison of different basins, no time can 
remove ; others will be diminished by further research ; and 
in almost every instance important results will arise from 
exact researches to test its truth in every separate basin or 
branch of the old tertiary sea. 

We may now proceed to shew the results of the inquiry 
conducted by M. Deshayes, upon the supposition of the 
relative antiquity of tertiary beds being inversely propor- 
tioned to the per> centage of recent species among its im- 
bedded fossils.^ 

• Commencing with the -English tertiaries, we find from 
M. Deshayes, that among 111 species of shells from the 
Crag, 45 are living ; = 40.1 per cent. ; and of 239 from 
London clay, 12 are living ; = 5 per pent. 

Proceeding to the basin of Paris, it appears that among 
1 122 species of shells, 38 are still living ; = 3.4 per cent. 
' On the Atlantic shore of France— 1. At Angers, out 
of 166 species, 25 are still living ; = 15.0 per cent. 2. In 
Touraine, out of 298 species, 68 are still living = 22.7 per 
cent. 3. In the vicinity of Bordeaux and Dax, out of 
594 species, 1 36 are still living ; = 22.9 per cent. 

The subapennine series of Italy and Sicily — 1. Lower 
^Lyeirs PHndipleM qf Geology, vol. iii (Ut Edition). 



182 TBBTUJIT STJIATA. 

subapeimuie (Turin), out of 97 qpedesy 17 are stOl Uving ; 
=s 1 7.5 per ceot. 2. Middle subapennines, out of 569 Bpedesy 
238 are still liYiBg; = 41.8 per cent. 3. Upper (or Sidlian 
beds), 01^ of 226 qpecies, 216 are still living ; = 95.1 per 
cent. 

The t^ertiaries of .the Danube a^d Bhine— Baden, out 
of 99 species, 26 are still living ; =: 26.2 per cent. Vienna 
(and north of Carpathians), out of 124 spedes, 35 are adll 
living ; = 28.2 per cent. 

Ffom these and some other invest^galaions, M. Deshayes 
was led to group the tertiary deposits in three assemblagesy 
viz. — The most ancient, indudmg the Parisian and Loodcm 
and Hampshire beds ; those of Valognes, near Cherboui^» 
and Belgium; Bonca and Castel- (xomberto. From Ihis 
series 1238 species of shells have been examined by M. 
Deshayes, who finds 42 of them, or 3.5 per cent, still liv* 
ing. To these Mr Lyell gives the name of Eocene depo- 
sites (««$, the dawn ; tuuufj recent.) 

The middle assembli^e includes the beds of Bordeaux, 
Dax, Touraine, Angers, Badep, Vienna, Hungary, Transyl- 
vania, Moravia, and the country north of the Carpathians. 
Ronca is alto provisionally included by M. Deshayes, but, 
as he conjectures, it would be more prc^rly transferred to 
the older division : 1 155 species of shells are mentioned, of 
which 176 are still living, being 15.2 per cent. These 
are called Meiocene by Mr Lyell (ftuun, less ; tcmm). 

The upper assemblage contains the fossils of Italy, Sicily, 
Perpignan, the Morea, and the English Crag, 770 spedes, 
of which 3.50 are recent, or 45.4 per <cent. To these Mr 
Lyell gives the name of Pleiocene (rXiimr, more, and Ktufs) ; 
but he distinguishes them into tw.o divisions — older pleiocene. 
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iodudiog the English ccag and middle subapetmines of 
Italy ; and newer pleiocene, composed solely of the Sicilian 
deposits. 

Mr Rogers has lately applied to the tertiaries of North 
Amerioa the resnlts*ot Deshayes and the nomenclature of 
Lyell. The species are generally different on the two sidea 
of the Atlantic, both among the tertiary fossils and living 
shells. The oldest American tertiaries are more analogous 
in their fossil contents to the secondary rocks than is found 
to be the case in Europe ; they contain 2 1 species, of which 
hardly one is recent. The middle tertiary formations (sup- 
posed to include meiocene and older pleiocene), contain 
195 species, of which 40, or 21 per cent, are recent; the 
most recent (newer pleiocene) are very limited in extent. 

Fresh'WcUer Organic Remains of the Tertiary Era. 
— In the preceding account of M. Deshayes' tables and 
Mr Lyell's nomenclature, we have retained the numerical 
statements of these authors, though liable to one slight 
objection, the introduction of the remains of fresh-water 
and land mollusca. These amount to 259 species, a num« 
b^r too ranall to influence materially the resulting classifi* 
cation. There are of fresh-water bivalves in the fossil 
state, 30 species; of univalves, 151 species; and of land 
shells (univalves), 78 ; — in all 259- 

Though the far greater part of these . belong to species 
no longer in existence, all are included in the same genera, 
and there is no particular reason to be gathered from them 
fi)r admitting that the climate or local conditions of the 
land of Europe during the tertiary era was very different 
from what is now experienced. 

Any one who knows the variation of the forms of exist- 
ing Limneae and Unionidse in firesh waters of different na- 
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ture and degrees of agitation, may be forgiven if he does 
not at once perceive and acknowledge the minute dbtinc* 
ttons which really exist between the tertiary and existing 
fresh-water shells. A small number of fresh-water plants 
(Characese, Equisetacese), occurs in the calcareous deposits 
of the basin of Paris, and great masses of lignite, derived 
from land plants in the sands and sandstones of Switzerland, 
France, and England, and they all shew great analogy to 
existing plants. 

Terrestrial Organic Remains of the Tertiary Era, These 
consist of a few land plants and mollusca, with a consideMi^le 
number of the remains of mammalia. In the fresh-water 
deposits of Hampshire, Paris, &c. belonging to the eocene 
period, the bones of certain extinct races of quadrupeds 
occur, as thepalaeotherium, anoplotherium, lophiodon, dicho- 
bune, &c. ; with living genera, as vespertilio, canis, sciurus* 
In the lignite beds of Styria and Switzerland, anthracothe* 
ria, beavers, &c. abound ; in the superficial lacustrine beds 
of central France, Oeningen, &c. the bones of rhinoceros, 
felis, ursus, fox, and other modem genera are imbedded. 
In some cases, as at Georgesgmiind, the bones of extinct 
genera (palaeotherium, anoplotherium, mastodon) ; and ex- 
isting genera, as hippopotamus, horse, ox, mustela, fox, are 
found together, but this id not generally the case. 

Several instances are known of remains of land mammalia 
in marine tertiaries, as might easily be imagined from con- 
sidering how large a proportion of the materials of these 
strata has been derived from the waste and detritus of the 
land, swept into the sea by inundations and rivers. 

Bones of the mastodon have been observed in the subapen- 
nines of Italy ; mastodon, hippopotamus, rhinoceros, lophio- 
don, horse, deer, hare, &c. in the shelly beds of Tourtune ; 
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hyaena, rhinoceros, elephant, sus, antelope, in the molasse 
of Estavayer; castor in the crag of Essex; chloromys, 
canis, in Volhynia ; dichobune, palaeotherium, in calcaire 
grossier of Nanterre and Provens. 

From all thb it is evident that the history of the ter« 
restrial animals of the tertiary era is embarrassing, and not 
without great difficulty separated from tliat of the races of 
later date* 

Their remains are chiefly preserved to us in lakes which 
may have existed through a long series of geological changes, 
and received and mixed together the exuviae of animals 
living at widely different periods. Auvergne, for example^ 
appears to have been dry land before the commencement of 
the tertiary period, and the various lakes of central France 
may be expected to contain traces of all the races of quadru- 
peds, which from the commencement of the tertiary even to 
historical periods lived on that ancient land. Tlie geological 
date of many of the purely lacustrine tertiaries is entirely 
unknown ; we may perhaps admit that the ossiferous de- 
posit of Oeningen, from which Mr Murchison's fox was 
unearthed, is of date somewhat corresponding to the lacus- 
trine beds of Weimar and Gmiind, and the po^t-tertiary 
deposit of Market Weighton^ and may be sure that they 
are less removed from our own era than the fresh-water 
beds of the Parisian basin ; we may perceive that pakeo* 
theria and other extinct genera of pachydermata belong to 
the older of the tertiary periods, while the elephant, hippo* 
potamus, and felis were more numerous in later days. But, 
as fiir as can be at present known, there is no certain cri- 
terion of age to be found in the comparison of the fossil 
reliquise of land animals. 

Igneow Rocks of the Tertiary Era, — In England and the 
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Parisian deposits^ there is tio trace of any irruptave igli^-^ 
0U9 rocks of the date of the tertiary strata^ though there 
are many gt-eat disruptions. The south of France is 
equally free from such admixtures among the marine strata 
between the Cevennes and the Pyrenees ; but amid the 
ancient lacustrine beds of Auvergne volcanic rocks are 
abundantly efflised. In Catalonia, volcanic phenomena on 
a smaller scale are noticed; the Euganean Hills, near 
Venice, are a more considerable example of igneous irrup- 
tions among marine tertiaries ; the vicinity of Rome and 
Naples and the Val di Noto, shew abundant proof of vol* 
canic action during this period. Hungary is also full of 
such monuments, and most of the trap-rocks of the Rliine, 
and various parts of Germany, probably belong to this era. 
It is not at all certain that the basaltic rocks of Ireland and 
Staffa and other parts of Scotland are not referrible to the 
tertiary period; certainly they are later than the chalk, 
which they have divided and overflowed. 

The rocks whicih are thus referred to the tertiary era are 
principally trachyte and basalt ; augitic and felspathic rodm 
greatly analogous to, Of identical with, products of active 
volcanos. The appearance presented at the points where 
the igneous rocks have burst up are such as to leave no 
doubt that, in all tlie localities above named, the action was 
of the same kind as that exerted by an active vokano ; the 
forms and grouping of the hills streiigthen the anabgy^ and 
we finally must conclude that the igneous action developed 
over a great part of Europe late in the tertiary period, Waa 
in fact volcanic. In some Cases, indeed, it is not possible 
clearly and certainly to separate the products of a modem 
volcano from those of the eruptions which took place in ter- 
tiary periods ; as, for example, in Sicily and central France. 

6 
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There is evidence that some of thesd tertiary volcanos 
burst forth in the sea, as the Euganean Hills, and spread 
lara over and amongst the strata then forming ; in other 
cases, as in Velay, the eruptions happened amidst fresh* 
water lakes while the lacustrine sediments were aocunm- 
Jating. The volcanos of the Cantal appear to have follow* 
ed the deposition of fresh-water limestones comparable to 
those of Paris and the Isle of Wight. It is perhaps doubt- 
ful whether any of the volcanos of this date broke forth in 
the midst of large tracts of land where no freshwater lakes 
existed ; the Siebengebirge and other Rhenish hills of ig- 
neous rocks are no exception, for the Rheinthal has evi- 
dently been once filled with water many hundred feet above 
its present level, as the loss, the trass, and brown coal of 
the Eiffel sufficiently prove. 

The result of the researches of Daubeny and others on 
the subject of the tertiary igneous products, is to connect 
them, in a very particular manner, with the history of ex- 
tinct and active volcanos of later date. In some instances 
it may be admitted that igneous action, which existed in 
the tertiary area, has been continued almost to historical 
times (Auvergne), or even to this day {Etna). 

DISTURBANCES OF STRATA DURING AND AFTER THE ^ 

TERTIARY PERIOD. 

No more remarkable dislocations are known in the Bri- 
tish islands than those two parallel anticlinal axes which 
broke up the tertiaries of the south of England. These 
have been already briefly noticed while speaking of the 
chalk formation. The northern axis, passing east and west 
from the Vale of Pewsey to near Folkstone, divides the 
basins of LfOndon and Hampshire, which are, in fact, de- 
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presnoDS parallel to this axis^ from which the northward 
slope of the strata under the vales of Thames and the Ken-> 
net is extremely n^id, and affects equally the secondary 
and tertiary strata. It is therefore of posterior date to the 
last mentioned deposits The southern axis passes east and 
west through the middle of the Isle of Wight, and is contina- 
ed nearly in the same direction through the Isle of Purbeck 
toward We3rmouth, where several great dislocations have 
been traced by Mr de la Beche and Dr Bucldand* The 
northern slope from this axis is everywhere excesnvely 
steep, and, in the western part of the Isle of Wight, the 
chalk, plastic days, and sands, and London clay, are abso* 
lutely vertical. What adds to the interest of this occur* 
rcnce in Alum Bay, is the circumstance of the frequent la* 
mination of loose variegated sands and interstratification of 
beds of lignite and layers of rounded pebbles. At a short 
distance northward, the depressed beds recover their hori* 
zontality, and the same is the case with the elevated strata 
on the south. Thus, it appears that two hollows and two 
ridges alternate, their axes being parallel ; the northward 
slope being in both cases violent, and the southern mode* 
rate. These ridges are, in £acty scarcely to be called anti* 
clinal axes produced by vertical elevation ; they resemble 
more the effect of oblique movement of flexible masses. A 
singular effect is produced by the southern dislocation in 
the flints imbedded in the chalk. They are penetrated by 
secret fissures, and fall to pieces. on being removed firom 
their, situations, an effect prqbably resulting firom violent 
pressure on these elastic masses. 

The geographical features of the south-eastern parts of 
England depend almost entirely on these great lines of dis- 
turbed strata, and we may from this learn to view, without 
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surprise^ the greater phenomena of the same kind which 
have been brought to light by the labours of continental 
geoI<^i8ts. It appears certain that the Pyrenean chain has 
undergone elevatory movements since the deposition of 
some of the tertiary strata ; the whole chain of the Alps 
has certainly been raised since the formation of most or aO 
of the tertiary strata, for it bears upon several of its high 
crests, and in its mountain valleys, not only secondary, but 
also tertiary beds, as on the Righiand on the Diablerets ac- 
cording to Brongniart, and in the Valley of Gosau, accord- 
ing to Murchison. Parts of Sicily have also been uplifted^ 
even since the deposition of rocks holding 95 per cent, of 
existing species, to an elevation of 3000 feet. 

Besides those local and violent elevations, it cannot be 
doubted that the whole surface of Europe has been raised 
to various degrees by more gradual action, since the time 
of the formation of the marine tertiaries which fill the val- 
leys of the Danube and tlie Rhine, the secluded basins of 
Bohemia and Hungary, and the great plains of northern 
Germany, Poland, and Russia. 

The ■ precise (geological) date of these elevations, whe- 
ther violent or gradual, is one of the most difficult of geo- 
logical problems ; but it is certain that some happened du-v 
ring, and most of them subsequently to, the accumulation 
of the marine strata of the tertiary period. The general 
effect was therefore clearly to augment continually the dry 
land surface of Europe ; to establish the various relations 
of fresh-water drainage at successive times ; to permit the 
accumulatiqp of fresh-water lakes ; to allow of the condi- 
tions whereto the life of terrestrial and fluviatile animals is 
adjusted, and thus to offer analogies in all respects to the 
present order of natmral causes and events. 
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RELATION OI' TERTIARY TO HISTORICAL PERIODS. 

Of an the classes or assemblages of aqueous deposits^that 
which is the nearest to our own days m pomt of date is the 
least exact in its boundaries and characters. While, con- 
cerning the older periods, the problem of the condition of 
the globe was principally confined to considerations relating 
to the tea, and thus the phenomena could be investigated 
according to fixed principles, applicable to at least the 
greater number of strata ; the tertiary deposits compel us 
to enter also upon more complicated researches connected 
with the land : and, in discussing the history of still later 
phenomena, all the variations of physical gec^aphy assume 
still higher degrees of importance. The consequence is an 
amount of local diversity so great as to nearly annihilate all 
generality of result. 

Moreover, the difficulties of this subject are augmented 
by a circumstance which is likely to become daily more and 
more influential on geological reasoning ; — the want of a 
principle upon which to define the limit of least antiquity 
of this group of strata. What, in fact, is meant by supra- 
tertiary deposits ? If we substitute for this term modern 
aqueous products, do we understand it the better ? Or, 
attempting analysis, if we adopt as an equivalent expression 
the diluvial and alluvial accumulations, how are these to be 
defined ? It is evident that here is a serious embarrass- 
ment. 

What is meant by tertiary strata ? If we should venture 
to include in this title all really marine deposits posterior to 
the dialk, even such as were only yesterday raised from the 
bed of the sea, it would be more intelligible than the me^ 
thods now followed by geologists. For with the tertiary 
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straU c^ £urope begins that extreme analogy of the speci- 
fic foYms of organic life^ that identity of generic confbnii»- 
^Gti^ which at once announces great and general differences 
of [^ysical condition between them and the older strata, and 
equally great resemblances to the present order of things. 
Such results apply to marine, fresh-water, and terrestrial 
life ; and, as far as yet appears, (but the evidence is very in- 
complete), nearly in an equal proportion to each. 

Moreover, the changes, to judge either by marine or ter- 
restrial animals, whidi brought the extinction of old, and 
the creation of new races, were gradual. From the Pari- 
sian formations, containing 96 per cent* of extinct marine 
mollusca, and something likcf the same proportion of extinct 
bmd quadrupeds, to the Sicilian strata, which contain 95 
per cent, of existing species of marine shells, and the lacus- 
trine deposits of Oeningen and W^ighton, in which the 
molluscous remains are wholly, and the quadrupedal reli- 
quiae partially, undistinguishable from living types, every in- 
termediate term may be interpolated so as to constitute a real 
and complete series of monuments of the gradual substitu- 
tion of one race for another. 

Assuming, for^ the moment, this conclusion of the gra- 
dual change from the oldest tertiary to the actual pheno- 
mena of nature, supposing that all the organic and inor^ 
ganic phenomena produced in the interval from the date of 
the cretaceous deposits to the present era, may be ranked 
in one great system, like those adopted for earlier periods^ 
where diall we place the point of union between the mo- 
dem or historical and the ancient or geological scales of 
time? In other words. To what part of the supracretace- 
ous period shall we refer the creation of man ? 

To this important question impartiality must idlow that 
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geology gives no clear and certain answer. Geology has 
no evidence on the subject that is at all of a positive cha* 
racter. We believe that the older stratified rocks were 
preadamitic for four reasons ; because no trace of man or 
his works have ever been seen in them ; because no re- 
mains of animals and plants occur in them which can be 
considered the same or very similar to the existing forms 
of life ; because land quadrupeds generally are almost ut* 
terly unknown in them ; because the physical conditions of 
the globe were entirely different from what we now behold. 

Let us apply these tests to the supracretaceous deposits. 
In none of those which have been formed in the sea have 
we yet found the remains of man* or his works ; but remains 
of animals and plants, identical or very similar to existing 
kinds, are found even in the oldest of them ; land quadru*^ 
peds occur both in fresh-water and marine strata which are 
among the earliest eocene tertiary deposits ; and, finally, the 
physical conditions of the globe were, at the beginning of 
the period, very similar to the present, and this similarity 
continually augmented. 

It is evident that all the probabilities point to the con- 
clusion, that the creation of man, and all the new arrange- 
ments connected with that event, are to be placed in some 
part of the supracretaceous period ; but in what part, is to 
be determined by further and cautious research. We can* 
not undertake to decide so important a problem upon the 
mere negative evidence of the absence of human remains 
firom tertiary deposits, because such negative applies only 
to the European and North American tertiaries, none other 
being explored. Moreover, the deposition of human re* 
mains in marine tertiaries must be supposed to have heei^ 
extremely rare and exceptional cases ; nor could they be 
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expected to occur often even in lacustrine or fluviatile de* 
posits. But, as before observed, this negation, however 
important, is yet only a local truth ; human renuuns may' 
yet be found in tertiary strata in other parts of the globe ; 
nor would it excite surprise if, among 95 per cent, of ex- 
isting species of marine moUusca in the Sicilian tertiaries, 
human bones should once be met with. Or if never in 
European regions this result should arrive, who is to assure 
us that, in countries more early peopled than these " far 
western isles," neither lakes nor estuaries of the tertiary era 
received and preserved some remains of man, or traces of 
his works ? 

As far as direct observation or satisfactory inference 
goes, every honest geologist will allow that he is ignorant 
of the point of union between the historical and geological 
scales of time : that the era of human existence, if record- 
ed in geological monuments, has not yet been discovered 
among the small number which have been fully decyphered. 

But, where certainty cannot, be had, it is right to en- 
quire into probabilities. It seems fair to admit, both with 
reference to historical testimony and sound views of the 
economy of creation, that the existence, in any country, of 
a considerable number of the animals which now contribute 
to the comforts and necessiti^ of the human race, is evi- 
dence of the cfstablishment, in that country, of the condi- 
tions within which Providence has restricted the existence 
of man. No created terrestrial being is capable, by natu- 
ral constitution, of sustaining such variety of external phy- 
sical conditions as man can brave through the exertion of 
those divine faculties which lift him above the inferior 
tribes of creation ; if, then, the bones of the horse, the ox, 
the deer, the dog, — of hares, rabbits, beavers, foxes, and 
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Other characteristic animals of the present creation»*are 
found in lacustrine tertiaries, what is to prevent our re- 
ceiving, as the most probtMe indirect inference^ that the 
era of the creation of man had arrived when these strata 
were accumulated ? 

Let us adopt this inference though it be indirect, and, 
without further refinement, which the state of ignorance in 
which we really are forbids, let us admit that many of the 
lacustrine tertiaries are of date posterior to the formation 
of man and the present general arrangeinent of the terres- 
trial creation. We shall then class these and a variety of 
later marine and fluviatile deposits which have liiany cha- 
racters in common, as Sifk>ERPiciAL aqueous Deposits of 
tlie m.ost modem geological periods and consider them in 
relation to many contemporaneous products of subterrane- 
an heat. 

SUPERFICIAL AQUEOUS DEPOSITS. 

Resolved to conform, as much as truth permits, to the 
present views of geologists, from a conviction that they 
need rather a cautious limitation, than any essential change, 
— ^we shall adopt the following simple classification, suited 
to the condition of the land and sea in the modem geo- 
lo^cal period. 

1. Marine deposits, • . (a) raised from the sea, or 

(h) yet in progress ; 

2. Detrital deposits, includmg (a) Erratic block group ; 

{h) Ossiferous group ; 
(e) Ossiferous caves and 
breccia; 

3. Fluviatile and lacustrine deposits, terminated, or yet 
in progress ; — and in each case endeavour to bring forward 
the history of the phenomena to the present date. . 
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1.0. JBlevttied Marine Deponi$, 
Whether the Sicilian tertiary strata, containing 95 per 
cent, of existing qiedes of testaoea, should be ranked in this 
p^od, may p^hapsbedoublftil ; but theyfumish at least a 
point of departure, and shew us, on a great scale, the mi^- 
nitudeofeffects produced by devatory volcanic action. Just 
as these, and, in older times, the odier tertiaries of the MecB- 
ten'anean shores, were uplifted^ and thus the ancient sea- 
bed was laid dry for man's examination'; so we find, along 
the shores of the Baltic^ the west coast of Scandinavia, the 
east and west toasts of Scotland and England, the south 
coast of England, the west coast of France, and the east 
coftdt of Ireland, as well as on the coasts of North and South 
America, {>roof of the partial rising of die land and neigh- 
bouring bed of the sea once, oi* several times. 
. Brongniart {TotbleoHdes TerrmiUy 1829) has the mo'it 
of cslUng the attention of geok^ts to this phenomenon of 
local elevation of the bed of the sea. He gives a dear 
sumxttury of the facts noticed at a great number of interest- 
ii^ points ; and attributes the effects observed to a general 
lowering of the bctanic waters, which he supposes to have 
beed the last of the great geological phenomena which 
have modified generaUy the relations of the outline and 
httght of the lands to the area and level of the sea. In 
conformity with this condusion, he carries back the date 
gf such elevatt<>ns beyond the historical era, — ^remarking 
that'no trsce of human reliquiie occur among the gravel and 
shells of those eleviated tracts. 

' The real date of many or most of these elevations must 
be allowed to be unknown ; but the cause assigned by M. 
BrongniMt is inadnfiisstble, being contrary to physical pro- 
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babilities, and inadequate to the explanation of the particu- 
lar phenomena. 

English Shores. — One of the most remarkable examples 
is that observed by Mr William Gilbertsoh of Preston, on the 
coast of Lancashire, of which Mr Murchison gave the fol- 
lowing notice at the York Meeting of the British Associa- 
tion. << The deposit consists, near the surface, of clay 
^th bouldered rocks, covering great thickness of marl, gra- 
vel, and sand, the sand being usually the lowest. These 
accumulations are not only spread over the broad delta 
extending from the coast at Blackpool to Preston in the 
interior ; but they rise at the latter place into considerable 
eminences, extending in plateaus on the banks of the Ril>- 
ble and the Derwent for several miles inland. In certain 
places the marls, sands, and gravels contain shells of exist- 
ing species (Mr Gilbertson enumerates above twenty spe- 
cies), not differing from those of the adjacent sea, above 
which they were found at various heights from 80 to 300 
feet. The accumulations seldom offer proofs of regular 
bedding or tranquil deposit, but rather resemble the detritus 
found upon an agitated shore ; although, in their diversity 
pf structure, they present distinct evidence of having been 
heaped up during a long protracted period." (Among the 
shells we have seen Turritella terebra,- Cardium edule, &c.) 
Sir Philip Egerton has lately found a bed of gravel con- 
taining marine shells of recent species, at the Willington, 
in Cheshire, at the base of the " Forest Hills," seventy or 
eighty feet above the Mersey. This bed of ferruginous 
gravel and pebbles, unlike the usual gravel of Cheshirey was 
found to contain Turritella terebra, Cardium edule, Murex 
erinaceus, and others. Over this shelly bed was the ordi* 
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nary sandy diluTium of Cheshire, full of boulders of many 
rocks. 

Mr Trimmer found marine shells (Cardium, Turritella, 
and Bucdnum) in the sand and day at Runcorn, several 
feet above the level of the tide, and under a deposit of 
peat, which was covered by sand and gravel. 

Near Shrewsbury, Mr Trimmer has noticed marine shells 
of existing species (Turritella terebra, Cardium edule, Tel* 
lina solidula, &c.) in transported gravel and sand, resting 
on a peat-bog, which contains imbedded trees (oak, beech, 
and fir), and rests on gravel. On both sides of the Severn, 
near Shrewsbury, he found fragments of marine shells. 

From these and other data, Mr Murchison has been led 
to entertain the opinion of the elevation of the whole line 
of country from Lancashire through Cheshire to Shropshire 
and the vale of the Severn, as of very recent date, compa- 
red to many other geological phenomena. ( GeoL Pro^ 
ceedings^ 

Mr Trimmer, also collected from the summit of Moel 
Tryfane, near Caernarvon, 1000 feet above the sea, marine 
shells, '^ diluvial" sands, and gravel. The shells were frag- 
mentary, had lost their gelatine, and consisted .of Bucci- 
num, Venus, Natica, and Turbo. The subjacent rocks are 
worn and scratched by friction of the transported pebbles. 

On the east coast of the island, we have, in the valley of ^ 
the Forth (according to Boue, Maclaren, &c.), terraces at 
some height above the water, containing Ostrea edulis, 
Mytilus edulis,' Cardium edule. Turbo littoreus. Patella 
vulgaris, Donax truncatulus, and other littoral sheUs. Si« 
milar facts are noticed on the Clyde by Captain Laskey ; 
on Loch Lomond by Adamson. On the Yorkshire coast, 
an excellent example of this kind of elevation of the bed of 
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the flea has been found on the louver part of the clay difis 
of Speeton. The yellow sandy beds here occurring have 
much the aspect of a really, tertiary stratuAi, and contain 
Cardium edule^. Tellina fldidula, Amphidema* d^ireBSuiny 
in extreme perfection^ without the least mark of violent 
agitation, either on the sheila or on the deposit. 

Farther south, the shelly gravel described in the GeoUh' 
gjf qf Yorkfihirey vol. i. as occurring in the southern part 
of Holdemess, at Ridgmont, and Paul, though its irregu- 
larity of deposition seems to point to some difference of 
origin — to diluvial currents, rather than a mere elevation 
of a beach, — ^will complete our view of the subject. These 
sandy and gravelly beds rise to twenty or forty feet above 
the tide, and in their contorted and violently confused 
layers, among pebbles of all the northern and western 
rocks of Yorkshire and Cumberland, lie the strong shells of 
Turbo littoreus. Purpura lapillus, and Buccinum undatum,— ^ 
the thin Mya arenarea, Tellina solidula, Tellina tenuis, and 
Mactra subtruncata, all recent shells of the German Ocean, 
and with them is an extinct shell. This shelly gravel passes 
under a deposit of peat and alluvial sediment. 

Marine shells also occur in the gravel of Holme, on Spal- 
ding Moor, far inland, and a hundred feet above the sea. 

Nixrway and Sweden offer considerable examples of these 
uplifted shelly littoral deposits. At Figa-elv, in the nor- 
thern part of Norway, according to Strom, broken sheUs 
occur more than 150 metres (490 feet) above the sea. At 
Suroe and Tromsoe, further south, they occur a few metres 
above the sea^ also near Drontheim. < 

M. Brongniart describes minutely the shelly deposits of 
yddevalla, in the province of Gotheburg, on the west 
coast of Sweden. Here, in a little bay bordered witli rocks • 
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ofgndsSy great quantities of shells ooeur nearly in a perfect 
condition, 70 metres above the sea (230 feet). The aheUs 
are those of the neighbouring sea. And to shew how truly 
the phenomenon indicates a relative change of level of land 
aiid water, M. Brbngniart found Balam sHU adhering to tki 
gneiss rocks proving the spot on which the testaceous ammals 
are found to have been really tlie littoral bed of the sea. 

The whole subject of the elevated beds of marine shells 
in Scandinavia has lately been investigated by Mr Lyell, 
who finds them near Stockholm, 30 feet, 70 feet, and 100 
feet above the sea, in sand and gravel, or in marl resting 
on gneiss. In one place a fishing hut was found under 64 
feet of shelly violet-coloured marls. The shells observed 
in the different localities wiere all residents 6f the Baltic, 
viz. Cardium edule, Tellina baltica, Mytilus eduiis, Litto- 
rina crassior, Littorina littorea, Paludina ulvae, Neritina 
fluviatilis (which lives in the Baltic). A land-shell, Buli- 
mus lubricus, was also feund. Near Upsala, thick days, 
which lie over the gneiss and granite, contain Tellina bal- 
tica, Mytilus eduiis, a small flustra and fuci, 60 to 80 feet 
above the sea. In a ridge of sand and gravel, a videt-co* 
loured marl-bed, 80 feet above the sea, yielded Mytilus 
eduUs, Cardium edule, Tellina baltica, Littorina littorea, 
Paludina ulvae ? 

On visiting Uddevalla, the adherence of Balani was no- 
ticed in a new situation, with cellepora ; — ^the quantity of 
shells lying in stratified days, sand, and gravel, reminded 
Mr Lyell of Parisiao tertiaries. Twenty-seven spedes of 
molluscs, and one echinus, were collected in a day. Amonjg 
these are four zoo|^agous mollusca, not met with on the 
Swedish side, nor now existing in the Baltic, but found in 
the open sea. At several other ports on the western coast 
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near Gothenburg, marine shells, in beds of day, and sandf 
and gravel, were found at different heights above the sea. 
They also occur fifty miles from the coast, west of Lake 
Wener. Thus it is evident that the bounds of the ocean 
have here been greatly contracted since the present species 
of testacea began to inhabit the Baltic and the neighbour- 
ing parts of the German Ocean. (Phil, Trans*) 

Near St Michel en Lhermes (Charente inferieure et 
La Vendee), are three hills, situated six kilometres (about 
1^ mile) from the sea, about 1000 feet long, and their top 
15 metres (50 feet) above the level of the highest tides. 
These hills are wholly composed of marine shells, solid in 
texture, with their colour preserved, and valves generally 
united, so as to indicate tranquil residence in the sea. 

Near Nice^ Risso has noticed perfectly preserved marine 
shells, in calcareous sand, 57 metres above the sea (150 
feet.) 

Near Maitay in the Peninsula, between the Hellespont 
and the Gulf of Saros, Olivier reports marine shells in the 
friable grit: and the same are seen beyond the hill of 
Abydos. 

According to M. Hertzog, as quoted by M* Brongniart, 
similar accumulations are seen near False Bay, Cape of 
Good Hope, 66 metres above the sea. 

At Guadaloupe, St Domingo, on the coast of North 
America, on the western coast of South America, in the 
Red Sea, in Timor, and on the north-east coast of Iceland, 
the same phenomena occur, — the shells in all cases resem- 
bling those of the adjacent seas. 

As far as regards the elevation of these shelly beds above 
the sea, either a gradual rising, or a sudden uplifting, will 
equally explain the greater number of cases ; some may 
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suit with the one, and some with the other explanation. 
But the most important thing to remark is, that the shells 
have not been laid in their present situation by any sudden 
violence of water. Generally the great masses of diluyium, 
and the large and far-traveUed boulders, which are suppo- 
sed to indicate cataclysmal moyements, lie t^pon mch shel" 
ly beds. 

In a few instances it mayl>e reasonable to attribute the 
accumulation of the shells to currents set in motion by lo- 
cal conTulsions. We should prefer this view for the pheno- 
mena of the southern part of Yorkshire, near Hedon, but 
are sure^ on the contrary, that the Speeton sand-bed was 
formed under the sea; and adopt the same view for the phe- 
nomena in Sweden and Norway, the coast of Lancashire, 
the interior of Cheshire, the valleys of the Forth'and Clyde, 
and indeed generally. 

Who would have imagined, before Von Buch's and* 
Brongniarfs researches in Uddevalla, and Lyell's journey 
to other parts of Scandinavia, tliat so considerable a part of 
the coasts of the present islands and continents should be 
proved to have been the gifl of subterranean movements, 
since the present race of marine animals were called into 
being ? Yet, now that it is known, who does not perceive, • 
in these modem phenomena, the consequence of the same 
causes as those to which geologists have long appealed for ex- 
plaining the elevation of older sea-beaches, — ^like the English 
crag or submarine sediments, like the subapennine or Sicilian 
strata ? Further, the inquiries of Mr Lyell in Scandinavia, 
as to the elevation of the coasts of that peninsula {Phil. 
Trans. 1835), go far to prove that the elevatory process is 
there still, however slowly, in action. However the yet 
disputed point of the uprising of the Chilian coast in 1822 
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may be settled, it is undoubted that many such risings, to 
a greater extent, have happened in those parts. The re- 
cent personal investigations of Mr Darwin have shewn that 
large tracts in Patagonia are nothing else than a sea-bed, 
raised in modem times, that is, since the creation of the 
present races of marine mollusca ; and that strata of corre- 
sponding age form part of the double Cordilleras of the 
southern part of America. Thus, we are entitled to admit, 
among the effects of existing causes, partial vertical auwe- 
merUs of the land. 

h. Submarine Deposits still in p7 ogress. 

Much of what goes on in the sea is entirely unknown to us. 
In &ct it is only along the shores, at the mouths of rivers, 
and in shallow gul& and seas, that we have any positive 
measures of the changes which take place in the bed of 
the mysterious deep. Nor have we yet obtained from the 
sounding line so much, or so exact instruction as nautical 
experience might furnish. How far into the sea currents 
of given velocity may transport sedimentary grains of given 
magnitude and specific gravity, is matter of calculation 
(Babbage) ; how fiur, in &ct, the supernatant firesh waters 
can carry their earthy admixture, has been, in one instance, 
ascertained (River Amazons, Captain Sabine) ; thus we leEum 
that sedimentary strata are really forming, with great r^ula- 
rity, over great spaces of the ocean bed; and this knowledge 
is of high theoretical value. But still it is to the shores that 
we must ever turn for data to serve as bases for comparison 
between modem and ancient marine deposits. 

Here we see that the materials which the sea obtains 
from the wasting cli^ rivers, and floods, are psurtiy trans- 
ported away by currents, and especially during storms, to 
considerable distances, but principally drifted. coastways, 
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and deposited in times of tranquillity, or in retired situa- 
tions^ especially where the land is low and protected by far 
sloping banks, so as to augment incessantly the area of the 
low marshy tracts at the expense of the higher ground* 
In distributing the materials which fall from the clifis, the 
agitation of the sea produces an effect of the same Idnd as 
the operation of washing a mixture of metallic ores and 
various spars; it separates the ingredients according to 
magnitude and specific weight, — ^the heavy and large masses 
are lefl on th^ beach for slow distribution over the sloping 
surface or gradual descent into the deep» — ^the coarse sand 
is urged onward by the tide, as a river pushes forward its 
bed, but the finer clays mix with the water, remain long 
su^nded, and are carried to great distances, to be depo* 
sited wherever the sea stagnates, either by expansion over 
levd surfaces, or exposition of the freshes. 

It is evident that the modem deposits of the sea are 
pebbly where the agitation is great, sandy where it is mo- 
derate, and argillaceous where it is little. 

In general, the deep sea dq>osits (exceptions may be 
necessary where currents of great force prevail in shallow 
seas like the German Ocean) must be of finer grain than 
ihme near the shore. The sur&ces of contemporaneous 
deposition are slopes rising every where toward the shore,, 
where alone they become, for a very short distance, steep. 

What becomes of the calcareous matter swept down to 
the sea is not fully known. The formation of durable coral- 
line and molluscous exuvise from the sea will account for the 
consumption of mudi of this eartli ; and, in particular cases, 
Mr Lydl's remaric of the formation of calcareous beds at 
the mouth of the Rhone will apply. But chemistry has not 
yet determined the Haiieal composition of the sea, and». 
of course, it is utterly unknown what vartcUions volcanic 
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eruptions, gaseous emanationsy changing temperature, un- 
equal (pressure, and other causes, may occasion. Dredg- 
ings, soundings, and the experience of fishermen and divers 
in the German Ocean, Adriatic, and Elnglish Channel, inform 
us of the distribution'of living zoophyta, mollusca, fishes, and 
Crustacea, and of the parts of their decayed bodies. Cer- 
tain tribes of mollusca, like the oyster, the coral, the 
mussel, iidiabit limited breadths of the argillaceous, sandy, 
or rocky shores and shaDows. Crustacea, pleuronectida, 
and other fishes, have their certain localities. The teeth 
of some fishes are noticed as being loose in the bed of the 
sea. The growth of the Coral Islands, if it be generally 
like that of the Bermudas, as described by Lieutenant 
Neilson {Geological Proceedings), offers greater analogies 
than might have been expected to the ancient zoophytic 
limestones, not only in the mass of matter, but in the irre- 
gular and partial distribution of the polyparia, the admix- 
ture of earthy and compact carbonate of lime, inclusion of 
shells, and partial stratification. 

Could we raise, fi)r inspection, the shallow German 
Ocean, the unequal depths of the Mediterranean, the Gulf 
of Mexico, or the base of some volcanic group of the 
southern ocean, what variety would meet our eyes ! shelly 
deposits, coralloidal limestones, volcanic sediments, sub- 
marine lavas, strata of red and variously coloured clays and 
lignites, — almost nothing in common ; contemporaneous dif- 
ference carried to extreme ; local diversity, overcoming all 
general agreement. Yet all the parts of this picture can 
be paralleled in the older marine deposits, — the only dif- 
ference being a greater analogy of the contemporaneous 
effects, — a more decided and real relation of the pheno- 
mena to time ; proof of the sequence of effects being due 
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to' successive general changes of physical condition, — ^these 
changes continually altering the original aspect of nature, 
continually tending to diversify the uniformity and com- 
plicate the simplicity of the primeval state of the globe. 
Thus irregularity of surface, diversity of local phenomena, 
deviations of temperature, had always gone on augment- 
ing till the globe assumed that inexhaustible variety of 
external conditions which harmonizes with its present rich 

« 

adornment of vegetable and animal life, and continually ex- 
cites and rewards the curiosity of the wonderful being who 
was placed by his Maker at the head of his last living crea* 
tion, 

2. DBTBITAL DEPOSITS. 

a. Erratic Block Group, 

Since the time when the whole stratified crust of the 
globe was supposed to have subsided from a universal 
flood of water, the geological effects ascribed to the histori- 
cal deluge, and other violent agitations of water, have con- 
tinually diminished. It is not many years since we were 
familiar with the doctrine of the excavation of valleys and 
the accumulation of detritus over large surfaces of the 
globe being due to diluvial action ; and now a large class 
of geologists, with Mr Greenough at their head, declare 
themselves <' incapable of distinguishing between the ef- 
fects of such a deluge or deluges, and subsequent pheno- 
mena produced by the ordinary agency of running water.** 
There are geologists who would gladly expunge the word 
diluvial from our nomenclature, and instead of appealing 
to one or several general convulsions for the explanation 
of some striking fact, are willing to believe that small and 
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local forces, operating through long time, are sufficient for 
the purpose of geological speculation. 

In many instances, we concede to these writers, that 
streams wandering in any required direction, over ground 
indefinitely variable in level, might, in the course of unli- 
mited time, tranc^rt detritus in directions not possible 
during the present or any prior stcUieal condition of the 
earth's surface. But who will grant these postulates for 
the purpose of avoiding the appeal to sudden and energetic 
disturbances of the relative level of land and water, that 
has seen the enormous dislocations of the carboniferous sys- 
tem of South Wales and the north of England, the prodi- 
gious and extended faults in the south of England chalk, 
imagined to himself the uprising of a chain of mountains 
like the Alps, or witnessed the enormous conglomerates 
on their flanks ? And if a case can be adduced so circum- 
stanced that those postulates must be rejected, on good 
geological evidence, what is to be done but to allow the 
alternative, viz. the occurrence of great and violent move- 
ments of large bodies of water, partial, though notgeneral^ 
deluges? 

Such a case, it has been long supposed, was furnished 
by the examination of the dispersion of great blodcs of the 
high Alps over Switaerland, and through the passages of 
the Jura into France ; another example was found in the 
drifted sienites and limestones of Sweden, which lie in 
Northern Germany ; a thurd in the transported masses from 
the Cumbrian mountains ; a fourth in Canada. 

The erratic blocks, as the larger boulders are called, 
which have been transported from the Alps, are most re^ 
markable on the eastern fkce of the Jura, which loc^s up- 
wards the Alps, over the vale of the Arve and the Lake of 
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Geneva. On the Jura, 1500 feet to 2000 above the Lake 
of Geneva, crowning the hills and filling the vane3r8 and 
rcieky glens ; in and >iround i^e Lake of Geneva and the 
valley of die Arve, as well as along the valle3rs which de- 
scend from the Alps, these blocks abound. It is observed 
that the blocks abound opposite to the embouchures of these 
valleys, and that distinct sets of blocks, derived from differ- 
ent mountains, have followed the lines of the different val- 
leys. The blocks in the vaUey of the Rhine have come 
from the Grisons ; those by the Lake of Zurich and the 
course of the Limmat were drifted from Glaris ; blocl^ 
from the source of the Reuss have followed this river ; the 
blocks of the Aar, and the slopes of the neighbouring Jura, 
have come from the ranges of the Oberland of Berne. From 
these facts, and the circumstance that the height to which 
the blocks have ascended the Jura is greatest opposite the 
valleys which descend from the Alps, no doubt can be en- 
tertained that the currents flowed from these mountains in 
many directions, and followed the line of the present val- 
leys. 

It appears the most probable view of these phenomena, 
tliat a general and violent convulsion of* the Alps, while 
they were, surrounded by water (whether fresh or salt we 
cannot decide), caused powerful currents to rush away from 
the axis of movement, bearing ice-rafts loaded with the 
loosened rocks. Thus might large boulders of particular 
rocks be accumulated in groups, as we find them on the 
Sal^ve near Geneva, and in various parts of the Jura, or 
distributed in single masses over the vale of the Aar and 
the Lake of Geneva, then full of water, by the damming 
of the Rhine at Basle, and the Rhone at Fort d'Ecluse. 
Thus it seems conceivable that, in the agitation of the 
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movement of water, some rocks might find their way through 
the openings of the Jm« into the plains of France. 

This explanation appeared satisfiictory to Yenturi, rea* 
soning on the phenomena of the south side of the Alps* 
It has been suggested from the case of the blocks on the 
drainage of the St Lawrence, and is proposed as the most 
probable view of the fiicts observed concerning the multi- 
tudes of rock masses which have crossed the Baltic, and 
dro{^)ed in hei^ on tiie plains of Nortiiem Germany, Po* 
land, and. Russia, from the Ems and the Weser, to the 
Dwina and even the Neva. These blocks are grouped in 
narrow elliptical areas, with tiie longer axis pointing north 
and south, or toward the Baltic ; they often lie on the 
slurface, especially tiie larger blocks, hardly ever at great 
depths. They consbt principally of granite, sienite, por- 
phyry, and transition limestones, with characteristic fossils 
which can be exactiy paralleled in the southern^ parts of 
Sweden, and nowhere else. On crossing from Zealand to 
Scania, the traces of blocks reappear. The surface of 
Scania is covered with them ; and farther nortii they abound 
in elongated hills called <^ Oasar^ (analogous to tiie word 
'^escar" in Ireland), ranging north- north-east to south- 
south-west. The blocks are more numerous on tiie Swe- 
dish side of the Baltic, nearer their origin, but not larger. 
Worn and polished surfaces among the primary rocks of 
Sweden are attributed to the transport of heavy bodies. 

The dispersion of blocks from the Cumbrian group of 
mountains is extremely remarkable ; and tiie example is 
more valuable to geology than most others of this nature, 
from the exactness with which tiie circumstances are ascer* 
tained. There are also peculiar relations of the tracks fol- 
lowed by the blocks to the ancient physical features of the 
country. 
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In the Cumbrian mountain group, the granites, sienites, 
porphyries, and metamorphic slates, are more or less pe« 
culiar in character, and easily recognisable. The granite 
of Ravenglass, on the western border of this region, has been 
drifted to the south, across tlie sea, along the flat or hollow 
of Lancashire west of the Penine chain, and over the plains 
of Cheshire and Shropshire, toward the vale of the Severn. 
In this long course, the quantity of pebbles and boulders 
of the Cumbrian rocks is considerable ; and it is evident, 
that the currents, whatever they were, which carried the 
boulders, respected the present levels of the country, so 
far as never once to cross the Penine chain to the east- 
ward, nor to penetrate &r into the principality or the 
border districts, where, Mr Murchison assures us, the 
gravelly deposits are all derived from the neighbouring 
hills. From the eastern side of the Cumbrian moun- 
tains the porphyritic granite of Shap Fell, and the sienite 
of Carrock Fell, have been transported northward to 
Carlisle, southward by Kendal and Kirby Lonsdale, to 
beyond Lancaster, eastward over the vale of Eden, and 
up the Penine escarpment at Stainmoor, above Brough. 
Having here mounted the summit, the boulders diverge to 
the east by north, east and south-east, cross many lower 
ridges, traverse and descend the vales of York and Cleve- 
land, and sweep over the oolitic moors and the chalk wolds 
to the sea^side at Scarborough and Flamborough-Head, a 
distance of 1 10 miles. Li this passage three ridges of an- 
ciently elevated land, and two deep geologically ancient 
vales, were crossed : yet the water so fiur respected the ele- 
vations of ground now existing, as not to cross the Penine 
chain at more than one, and that the lowest point open^- 
ing direeify to the westy and to avoid the highest part of 

s 
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the oolitic moors. What renders this more curious and 
complete is the circumstance, that one of the valleys cross- 
ed (the vale of Eden), 1 000 feet below the origin of the 
granite ; and 1000 feet below Stainmooc^ is a valley caus- 
ed by dislocatioa of the carboniferous system j^rtor io .the 
new red sandstone eroj and the date of the dispersion of 
the blocks is since the newest terdaries in the north of 
England. 

If, however, following die indications of the phenomenay 
we refer, in every case, the dispersion of the blocks to the 
uplifiing of particular mountain groups, and this is almost 
a certain inference, we may perhi^ admit, in the neigh« 
bourhood of sudi groups, temporary variations, or undula^ 
tione of the land, like those whidi accompany earthquakes* 
suilidently extensive, when combined with the agitation of 
the sea, to permit the water to take, for a short period, 
directions previously and suhsequendy impossible. That 
the whole was the effect of a very short period, is the uni- 
versal impression of all observers. 

It is evident from all that has been proved, inferred, and 
admitted on the subject o£ the erratic blocks^ thai they were 
derived from particular mountain groups, drifted thence Io 
limited, . though considerable distances, along lines which 
respect the present levels of the country, both as to height 
and direction. They lie generally at the sur&ce of the 
superficial marine diluvium, and speak plainly, of great and 
violent convulsicms. Yet it is already certain that they are 
monuments of merely local however vkilent disturbai^oe^ 
not proo& of universal or even very great or general floods. 

From each mountain group, die blocks have gone io 
directions corresponding with its slopes and the configum* 
tion of the neighbouring country. Many local centres of. 

6 
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subterranean movement may thus have simultaneously or 
successively thrown ofF their rocky fragments ; some of 
these, with other materials, were washed by the waves over 
sur&ces momentarily changed in level by the concussion, 
others drifted on icebergs to great distances and quietly 
dropped on the sur&ce. The phenomena, then, are mere- 
ly a continuation of those which have been proved to occur 
in older times, with this difference, that Aey were for the 
most part performed in the sea, which reduced the products 
to a stratified form ; these irregularly accumulated on the 
land* 

Nothing in modem times so nearly approaches these 
effeiicts, as the iceberg detached from glacier- covered shores 
in Arctic regions, floated hundreds of nliles by oceanic 
currents, and dropping its load of rocks imd detritus in 
distant regions. Could we witness the elevation 6f the 
bed of the northern ocean, would it not shew a group 'of 
detritus somewhat 'analogous to that of the erratic blocks ; 
might we farther slippose the ice-borne detritus to be fbr- 
dbly thrown over the lahd, would not the resemblance 'be 
perfect? 

b. Ossiferous Gravel, CUxy^ Sfc* 

Since the publication of Dr fiuckland's valuable work, 
the ''^Reliquiae DiluviUnse,** and Cuvier's 'mUgnifioent vo* 
lumes, entitled '^ Ossemens Fossils," tlie attention of zoolo- 
gists and geologists has been ih an especial degree attracted 
to the superficial deposits containing bones of quadrupeds 
mostly extinct, and belonging to genera often no loiter 
met with but in fiir distant regions. 

These quadrupedal remains are found in gravel and day, 
in caverns, and fissures^ under various -drcanstandes indi*' 
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eating different mechanical and vital conditions, though 
Stilly by many geologists, ranked with erratic blocks under 
the one general and vague title of '^ diluvial deposits." 
This is certainly inexact, yet it .is not to be thought that 
the arrangement has been founded on no real analogy ; on 
the contrary, all that is yet known i^pears to shew that 
what have been called diluvial deposits, however different 
in origin, have all the common bond which in geology i& 
most important, viz. time. For throughout all these de- 
posits, the quadrupedal remains have a general uniformity 
of character, and a common degree of difference from the 
existing races of animals, which points to high antiquity, 
but not to the remote eras of the early tertiary deposits. 
Even a brief history of the discoveries in this field of re- 
search would fill a volume — even a mere selection of re- 
markable phenomena would occupy great space. The 
following notices are confined as much as possible to a 
short view of the principal results already obtained. 

Ossiferous superficial deposits abound in Europe, Asia, 
and America ; even far toward the polar circles (both, in 
Asia and America). They consist of clay, gravel, sand, peat, 
marl, &c. sometimes accompanied by marine or fresh-water 
shells. Some of these are of comparatively modem date, 
and contain bones of existing races of animals ; others be- 
long to ancient times, and contain the remains of eitinot 
tribes. It is to these latter that the name of diluvial de- 
posits properly belongs ; and though it is to be supposed 
that there are ossiferous accumulations of every age in- 
termediate between the diluvial and modem periods, yet 
in many cases the following considerations will enable a 
geologist to pronounce whether a particular deposit falls 
within the proper meaning of the term diluvial. 
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There is no sufficient reason to class an ossiferous de- 
posit of Europe as of the diluvial era, if its accumulation 
can be explained by the action of existing streams. But 
if amidst the mass of materials which it contains are frag- 
ments of rocks brought from other regions, in directions 
irreconcilable with the actual courses of streams, or any 
other courses of streams consistent with geological proba- 
bility ; if the quantity and mode of aggregation of these 
materials imply the violent and tumultuous movement of 
considerable bodies of water ; and if the bones belong wholly 
or principally to extinct species of animals ; more particu- 
larly, if bones of extinct species of elephant, rhinoceros, and 
hippopotamus occur, then it is most probable that the de- 
posit may be rightly classed with diluvial accumulations. 

In some cases, it is true, no certainty can be obtain- 
ed whether the accumulation took place in the sea or 
on the land ; whether the deposit is a raised beach, or a 
tumultuous accumulation on the land. Occasionally there 
is no distinction between gravel beds and erratic blocks ; 
sometimes alluvial and diluvial formations are inseparably 
mixed ; yet in many instances all these uncertainties vanish, 
and we are sure that we behold the accumulations from 
great floods which passed over limited ranges of the dried 
and inhabited land. 

In the valleys of the Tyne, Wear, and Tees, the vales 
of York and Cleveland, the district of Holdemess, -the 
eastern counties, Norfolk, Suffolk, Essex, the vale of the 
Thames, the valley of the Trent, and the counties of 
Lincoln, Huntingdon, Cambridge, Northampton, Warwick, 
Stafford, Chester, Lancashire, not to mention many others, 
gravel of the diluvial character, often containing bones of 
extinct mammalia, abounds. In Ireland, in various parts 
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of France, Switzerland, Italy, and Germany, siaiilar facts 
have been observed. In North and South America geolo* 
gists have recorded the same experience. 

In many instances the same districts yield lacustrine 
sediments, and peat deposits, so related to the ossiferous 
days and gravel by position and organic contents, that they 
must be ranked as of thef same age ; frequently, also, we 
find in the limestones of the same regions, caves and fissures 
full of bones of the same extinct animals, and so circum- 
stanced as to permit of their 4)eing added to the others as 
animals of a particular era. The most frequent of all these 
remains in England, and several parts of Europe and Asia, 
are the bones of fossil elephants ; and firom this circum- 
stance we may name the geological period of their exist- 
ence, in polar regions, the elephantoidal period, in contra- 
distinction to the older or palffiotherian period ; it being al- 
ways imderstood that these terms apply only to the land, 
and that we have good reason for doubt as to the practica- 
bility of referring the period which they designate to the 
general geological scale, depending on the succession of 
marine strata. 

In consequence of the variety and celebrity of the ossife- 
rous districts surrounding Kirkdale Cave in Yorkshire, we 
shall take this as an example of the deposits of the elephan- 
toidal period in Eilgland. 

The diluvial accumulations of Holderness, like all those 
oi the eastern side of the north of England, consist partiy 
(if day, partly of gravel and sand, all more or less mixed 
wiih* fragments of rocks from different quarters. The day 
in particular^ usually of a brown or blue colour, is uncom- 
monly full of pebbles and' large boulders (from a hundred- 
weigfxt to a ton a^d upwards) of sandstones, limestones, 
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and ^eenstones, derired from westorn Yorkshire ; alatesy 
porphyries, and granite from Cumberland ; diallage rocks^ 
mica-slate, with garnets, gneiss, &c. and referrible cither 
to Scotland or Norway, and many stones of whose origin 
no satis&ctory account can be given. The aggregation of 
the mass is sndi as utterly to forbid belief that it was heaped 
tojgether by any thing short of a mighty mechanical agency, 
which in its tempestuous violence permitted none of that 
difldnction of specific gravity, form, or magnitude of the 
masses to appear in the deposit, which is invariably seen 
in every case of gradual or intermitting e&ct of ordinary 
streams and tides. In this day lie bones of the elephant, 
rluDOceios, and hippopotamus, but not plentifiilly. 

Above it and also below it, are gravds and sands fiff less 
replete with those proofs of wide and devastating waters, 
but sometimes more productive of bones and marine shells. 
Thus there is proof in this country o£ successive and dif- 
ferent actions <Kf unequally violent water flowing in various 
directions, with no regard to the lines of existing valleys or 
rivers, but with so much of a genial reference to physical 
geograj^y, as to have accumulated detritus in the great 
piflins and brood vales more plentifully than on the hills. 

This may be taken as a type of such phenomena in Eng- 
land and Ireland* where the detrital deposits are very ex- 
tensive, and Scotland, which exhibits less of them. 

Without attempting to trace the details of detrital depo- 
sits on the continent of Europe, we may observe that they 
are very extensive, yet not so general as was imagined (See 
ReliquuB Diluviafus). Cert^ districts, as for example 
the volcanic tracts of central France, shew nothing of the 
Jajkd ; others, as Normandy, the basin of Paris, the hills 
on the borders of the Rhine vaUeJr, the valley of the Rhine, 
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laige tracts in iKHthem Germany, in Italy, display similar 
phenomena to those in Kngiand. In every r^on it is 
found more or less easy to point out the direction of the 
diluvial waters concerned, and the result is a growing con« 
victimi that not <Mie general, but many partial deluges rush- 
ing finom particular centres, have occaaoned the coAipli- 
cated accumulations. 

In the eastern part of. North America, Professor Refers 
and Dr Bigsby agree in ascribing to the floods which have 
caused the boulders and gravel beds, a northward and 
northwestward origin. This is the most general result-^ 
combining, however, many diffisrent directions from differ- 
ent local centres— for Ireland, Scotland, and England. 
The Scandinavian rocks have gone south, south-east, and 
south-west ; the Alpine boulders in all directions firom the 
central axis. 

In the north of Asia, and perhaps also the north-west of 
America, if we were to judge from the vast quantity of 
elephantine bones on the banks of the northern seas, the 
diluvial currents were towards the north ; and it may here- 
after appear possible to unite all these fsucts into one gene- 
ral conception — of the effects of an oceanic current, which 
may have been the resultant of many local disturbances, 
directed along opposite meridians and passing over the 
north pole; northward, up the Pacific and over eastern 
Asia ; southward down the Atlantic, and over the west of 
Europe, and the eastern part of North America. 

c. Ossiferous Ccaoes and Fissures, 

The preceding observations have established the &cts of 
the land now existing as such in the northern zone of 
the globe, being inhabited by extinct races of quadrupeds. 
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during 'die detritid, diluvial, or dysmic periods of geologi- 
cal time. It is therefore in no degree singular that we 
should find in caves and fissures of the rocks in these same 
districts, additional proof of such occupation, and addi- 
tional facts to complete our views of the then condition of 
the surface of the land. Through the researches ably 
prosecuted by Dr Buckland, and continued to the present 
day, the history of these remlurkable repositories o£ the 
bones of the early land inhabitants of the northern zones is 
in a great d^ee known. It is certain, firom these inquiries, 
that a great change has taken place in the quadrupedal 
inhabitants of Europe, northern Asia, North and South 
America, and Australia, apparently coinciding with the 
era or dose of the period of detrital land deposits ; for it 
is rematkable that the bones of* extinct mammalia are al- 
most unknown, while those of existing races are firequent, 
in deposits of more recent date. 

The number of spedes of animals found endosed in 
these natural rocky sepulchres is often greater than in the. 
most prolific gravel deposits. It appears that the same 
cave has been resorted to both by extinct and existing 
races of quadrupeds, their bones being often situated so as 
to demonstrate that the former were entombed before or 
during the detrital era, the latter introduced at later periods. 
But often this distinction is imaginary, and no doubt can 
reas<Miably be entertained of the contemporaneous sepulture 
of certain extinct races, and some living spedes of quad- 
rupeds. In &ct, ossiferous caves are of various ages, and 
some were filled with bones in very modem times. 

The bones of man, and traces of his ingenuity and la- 
bour, have been in several instances observed ; generally 
under such circumstances as to indicate dearly their intro- 

T 
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duction since the elephantoidal era ; but in afew instances 
it requires something more than liie direct evidence of the 
senses to be satisfied of this difference di date* 

The cfistinction of ossiferous cares from fissures is some- 
times real, often imaginary, and never of great importance 
in reasoning on the phenomena* Fissures are often de- 
nuded caves ; caves are often but enclosed fisswes. They 
are almost absohitely confined to calcareous rocks, vary 
wonderfully in size, shape, and detuled circumstances, and 
contain the same or di#erent groups of animals, even in a 
small district The condition of the bones in lliem is ex-» 
tremely various, and the inferences from all the known 
fiu;ts point to great divernty in the circumstances by which 
they have been introduced. The formation of the caves 
is generally not to be explained except by supposing ori« 
ginal cavities, or superinduced fissures, to have undei^^one 
enlargement by the chemical action of acidulated water* 
In many cases water still flows through similar caves ; in 
several ossiferous caverns and fissures, sediments and de- 
posits are found which prove ihe former passage or perco- 
lation of water, though at present the subterranean drain- 
age takes another course* 

A very considerable proportion cX the osinferous caves 
3Fet known has been discovered on the banks of streams, 
or in clifis against the sea ; in some instances (Francoma, 
Kirkdale), the openings of caves known to have served as 
dens appear in situations so difficult of access, as to render 
it |Nrobal^e that the surfiice of the ground has been con- 
siderably worn away since the cave was occupied. 

Thi^se ossiferous repositories have been found in the 
north and south of England, in limestone of different anti« 
quity, as oolite and mountain limestone; in Belgium, th« 
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sduth and soutli-etBt of France, in Fnmoo&iay Wesfpha' 
liay Camidla, Hangaryy akmg the nun^ of the Medi- 
terranean, in Nort^ and South AnieriGa» and Anttndia* 

it i» to be inferred from the Tarious investigaticins^ 
the coadition and drcwmtances of these depontsy thai 
the bones have been receiTed into the caves and fiisures 
in one of three modes. 

)8t^ Some of the caves were occupied bb dens during 
long periods, by ferocious and predacioua beasts ) aa by- 
asnas in England, bears in Germany. 

2df Into other- caves and fissures quadrupedal reliquiae 
were drifted by water. 

3d, Some caves^ communicating to the surfiwe^ appear 
to have received merely the bodi^ of quadrupeds which 
fell into themy or their bones moved from slight distances. 

It w31 be sufildent to notice a characteristic example 
of each, and refer to Cuvier and Buddand for further and 
full details. 

Kfffedale cave, described by Dr Buckland, contmned on 
its long narrow levd floor a bed of mud glazed over by 
stthi^mite, and in thin mud and in the stalagmite lay 
multitudes of bones of quadrupeds, especaaUy of ox and 
hyama, under such circumstances as left no doubt in the 
nsnd of its explorers that it was a den of hyaenas, which 
for a long term of years roamed in the adjacent valleys, 
afid dragged into this hiding-place the bodies of oxen, 
deer, and many other animals then living in the neighbour- 
hood. The evidence for this opinion is very convincing, 
but it must be seen in the museums where the remains are 
preserved, not judged of from descriptions or figures. The 
broken and mangled state of the bones from this cave is 
exactly like what was seen in the similar hyaena cave of 
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Kent's Hole, Torquay, but directly contrary to the aspect 
o£ those from Banwell in the Mendip Hills, which was not 
tenanted by these destroyers. 

As fiur as can be known, the bones of this famous cave^^ 
those of the marl beds of Weighton, and the diluvial days 
of Holdemess,are identical. The number of kindsof animals 
whose remains were found in the cave was twenty-four. 

The remarkable cave of Grailenreuth, in Franconia, is a 
bear cavern, consisting principally of two large chambers 
varying in breadth from 'ten to thirty feet, and in height , 
from three to twenty ; the roof is hung with stalactite, and 
in the first chamber the floor nearly covered with magni- - 
ficent pillars, mammillary masses, and sheets of stakgmite. 
Under this stalagmite lies' a bed of brown loiUn and peb- 
bles, mixed with angular fragments of rock, and teeth and . 
bones. These latter were &r more numerous in the nekt 
large cavern, which is on a lower level where the floor has , 
been much broken up. In some lateral ramifications frodi 
this chamber, the number of bones imbedded in loam, or 
encrusted in stalagmite, is wonderful. " The upper part of 
the existing cave, and probably otiiers which have been 
cut away by denudation, seem to have been the lodging ^ 
places of bears that lived and died in them during the pe« 
riod immediately preceding the introduction of the mud 
and pebbles. The diluvial waters rushing into them, and 
the other similar caverns of Franconia, would introduce 
pebbles and mud, and would also drifl downwards to tiieir 
lowest recesses the bones that lay perhaps more equally 
distributed than at present." Stalagmite has since co* 
vered the mingled deposit {Reliquus DihmoncB^ p.' 1 36.) 
The calcareous cliffs on the Mediterranean shores of 
Spain, soutii of France, Nice, Corsica, Sardinia, Dalmatia, 
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frc., abound in caves and fissuresy and many of these are 
filled with a mingled mass of red loam, fragments of rock 
and bones of land mammalia, — ^frequently holding land 
sheHs, — ^rarely marine shells and zoophyta (at Villefranche.) 
Some of the caves have apparently been subjected to the 
action of the sea before and for some time after the intro- 
ductH)n of the bonai^ (Christie and Pratt on the Cave 
of San Ciro near Palermo). Dr Christie supposes the 
breccia of San Ciro to have been deposited in water, and 
that the whole of the coast has since been uplifted frt>m the 



As an example of a cave into which animals appear to 
have fallen, we may notice that of Banwell in the Mendip 
Hills (Ann. des Sc. Nat. ix.) The descent is made by steps 
ten feet deep into a small chamber about ten feet wide ; 
from this a passage leads to a second chamber thirty feet 
broad, forty-five long, ten high. From the entrance into 
this large cavern, runs a cleft or fissure in a vertical direc- 
tion to the surface. At the other end of this cavern is an 
inclined passage forty-five or fifty feet long, and at the en- 
trance ten feet high, and very narrow, so that it is neces- 
sary to crawl on hands and knees ; beyond the little cham- 
ber, which terminates this passage, it is impossible to pro^ 
oeed. The red loam containing bones of ox, deer, &c% 
seems to have fallen firom the sur&ce, through the fissures 
and the smaller anti-chamber. The bones are generally 
entire (or merely fractured) not at all worn or gnawed, 
nor do they otherwise give indication of having been accu- 
mulated' by other causes than mere falling into an open 
fissure. 

Vailey^ FlumaHUy and iMCustrtne Deposits. — ^A cer- 
tain class of fluviatile, or rather as we should wish tp call 
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them * yalley* depositSy have attracted less attentioD than 
they mertt In some casesy as .in Glen Roy, and certain 
▼aDeys of Canada, terraoes at paiticiilar and very elevated 
levels, range round 4he sides of the vaUeys, and mark, ap- 
parently, the ancient shores of an inland lake which has 
since bm^t its barriers. More frequently, as at the lower 
end of Glen Roy, and many other Ii|g;hland valleys, on the 
Lune and other Cambrian streams, the Tyne, the Tees, 
the Yore, and almost all the other waters of the north of 
En^and, gravel terraces in the lower parts of the valleys, 
indicate the flowing of voluminous streams at higher leveb 
in the direction of the actual river. Tliis phenomenon, 
though little noticed, is really one of the most general we 
are acquainted with, and always bears in a very important 
degree upon the question of the origin of valleys, and often 
on the question of relative level of land and sea. 

A different set o£ phenomena has been observed on the 
Rhine. That long valley in former geological periods I 

had been dammed up at different points (Hibbert), and 
deposits (called Loss) of alluvial sediment have been formed 
along the margin of the elevated waters of tlie lakes there- 
by occasioned. The loss beds o£ the Rhine valley con- 
tain sand and fresh-water shells, and bones of elephants 
and rhinoceros (Homer, Lyell). What is called loss in 
Austria seems to be a similar deposit, and contains ele- 
phantine remains, (Murchison). 

All the deposits above mentioned are of great antiquity ; 
the loss of the Rhine valley rests, indeed, on the detritid 
gravel, but it is far removed from the date of the phenome- 
na produced by the actual river Rhine. 

The effects of actual rivers in the past and present eco- 
nomy of nature, admit of clear enunciation. 
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' These effects are principally medianica]. In the early 
part of their course some streams drop carbonate of lime, 
others acquire it, but these effects are not important. The 
mechanical action of rivers, whether corroding or tran»- 
porting, is proportioned to their velocity and volume ; these 
are seldom combined except in particular great rivers like the 
Indus, the Mississippi, and the Rhine. The velocity is, for 
short distances, greatest in the upper parts of rivers ; but 
their volume of waters augments toward the sea. Near their 
origin, rivers are boUi corroding and transporting agents; 
as tiiey proceed, the former influence is often lost or com- 
pensated by the contrary process of deposition, the latter 
IS weakened in most rivers, destroyed in some, but in a 
few maintained to the very conflict of the tides and freshes. 
(Captain Sabine's ObservcUiam on the Sea Current of the 
Amazottg.) Rivers then, soon after their springs issue 
from the rock, begin to gather and transport sediment; 
but it is less by friction on their own beds than by the aid 
of atmospheric disintegration of rocks, and waste of the 
sur&ee by rains, frost and glaciers, that they derive the 
matter which they bear along. According to the velocity 
of the stream, and the inclination of its bed, is the magni* 
tude of the masses which it can drive forward. Few of 
the rivers of England, unless their waters be augmented by 
temporary floods, are swift enough to tran^wrt even mode- 
rate-sized gravel : sand, clay, and vegetable matters, constt* 
tute th^r principal sediments. But the torrents which 
rush down fiom the high Alps, roll along large quantities 
of detritus thrown into them by glaciers, water-spouts, 
avalanches, and eboulemens. 

But the most stormy stream has intervals of compara* 
tive n^mse, and even the Arve and Rhone- deposit most of 
their spoils within a &w leagues of the mountains from 
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which they were torn. Frequently lakes interpose their 
tranquillizing waters, and receive and distribute the sedi- 
ment of the river. These lacustrine sediments differ from 
the ordinary valley deposits of a river in their lamination, 
which radiates round the point where the river entered, 
and in deep lakes assumes a conical character. (Yates, Ed, 
PkiL Jaumal,) The dried beds of such lakes have a level 
surface, but not all plane surfaces in a valley have had this 
origin ; on the contrary both the gentle rivers of England, 
and the rapid streams of more alpine countries, ever tend, 
by the shilling of their channels, and the equalizing effect 
of inundations, to distribute their sediments in planes, which 
fill the whole valley, and decline toward the sea with a 
slope corresponding to that of the river. Arrived near the 
sea, short torrents from alpine regions may throw rocks, 
pebbles, gravel, sand, and clay, in one confused mass, into 
the sea. But almost all the rivers whose path is long have 
lefl their coarser materials far behind; they have generally 
dropped much of their sandy admixture, and bring to the 
shore only fine earthy particles which could remain sus- 
pended in their less rapid waters. This is the contribu- 
tion (principally) which the Po delivers to the Adriatic^ 
the Ganges to the Bay of Bengal, the Mississippi to the 
Gulf of Mexico, the Nile and the Rhone to the Mediter- 
ranean ; the Rhine, the Elbe, the Thames, and the Humber, 
to the German Ocean. 

The mass of sediment thus brought to the sea is great ; 
if delivered to the wide ocean and general currents (as in 
the case of the river Amazons, noticed by Captain Sabine) 
it may be carried hundreds of miles ; but in still, land- 
locked seas, like the Baltic, Adriatic, and Bay of Bengal, 
the greater part is quietly dropped along the bottom and 
shores of the se& Thus the extent of such gulfs and 
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basins is gradually and rapidly contracted, their depth re- 
duced, and preparation made for a new series of strati- 
fied rucks, perhaps hereafter, in the manifold changes of 
the globe, to be raised for the contemplation of future geo- 
logists. 

Thus we have the whole history of river formations ; 
grav€;lly deposits near the mountains; sandy and argil- 
laceotis beds toward the sea ; fine silt lands where the tides 
and fireshes meet, in the estuary, and along the coast line. 
Thus the river mouths are incessantly advanced into the 
sea, the whole coast moves forward, and a large breadth 
of continually enlarging flat lands borders the tidal part of 
the river, and constitutes those rich and noble deltas^ 
through which the changeful stream takes its winding way, 
and which require, in n^y instances, all the care and vi- 
gilance of man to preserve firom the river and the sea, 
which made and may again easily overwhelm them. 

The extent of some of these deltas is enormous. Tl;at 
of the Nile is small compared to some others ; but, in fact, 
the gift of this river to the grateful Egyptians is much 
more than the delta ; all the valley is full of its rich and 
far descended sediments. 

The Delta of the Ganges commences 220 miles from the 
sea, and its base is 200 miles (Rennell.) This would be 
thought a considerable deposit, even among the old sedi- 
mentary rocks. The delta of the Niger is 25,000 square 
miles, (Dr Fitton, Geology of Hastings) ; an accumula- 
tion of timber and transported sediments (called a raft), 
on the Mississippi was estimated by Darby at 286, 784,000 
cubic feet, being ten miles long, and eight feet deep, and 
this was the produce of fifty-two years mere decay of the 
> timber on the banks of the Mississippi. (See Lyell.) 
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The8e» Uk^ the caves, may be oi almost any geological 
ilate ; and it is, in fact, very difficult to decide on Uie claims 
of the different examples. It is probable that future geo* 
logi^ts will choose to class together all the supracretaceous 
lacustrine deposits, and, by a general contempladon of 
them, arrive at valuable generalizations^ which can now 
only dimly be foreseen. We shall offer four cases of lacus* 
trine deposits in England and Scotland: the two oldest, 
of the elephantoidal era in England, and the mastodontic 
era in America; the next indicative of some Afferent local 
condition of drainage, coeval with the existence of the Irish 
elk ; the last descriptive of a deposit still in progress. 

A remarkable occurrence of boneS) in lacustrine marl, 
interstratified with the ossiferous diluvium oi the vale of 
York, was fully explored by Mr Harcourt, and other mem* 
bers of the Yorkshire Philosc^hical Society. Resting upon 
gravel, and covered by gravd, near Market WeightoOi 
was found a mass of fresh-water marls, to the depth of 
twenty-two feet, and in these lay bones of elephant, rhino* 
ceros, horse, bison, deer, felis, woli^ birds, all, i>r nearly 
ally of extinct species. But with them lay thirteen spe- 
cies of land and fresh-water shells, exactly identical with 
types now living in the vicinity. No wearing, no unusual 
fractures, the teeth still in the jaws of the lion and the wolf, 
the bones of the leg of the horse nearly in their right situa* 
tion, the horns on the skull of the ox, alf the circumstances, 
in short, indicated a quiet deposition of the remiuns near 
the spot where the animals died. The north of England 
was then inhabited by elephants and lions. This part of 
Yorkshire was dry land in that era; and, Ito far as can be 
known, no change of level has since occurred. 
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Thie largest collections- of bones of the mastodon, and 
other mammalia of the Unitesd States, occur in boggy 
grounds, called Licks, affording salt^ in quest of which the 
herbivorous animals, wild and domestic, enter the marshy 
spots, and are sometimes mired. The most noted of these 
deposits is Big-Bone Lick, in Kentucky, occupying the 
bottom of a boggy valley, kept wet by a number of salt 
springs, which rise over a surface of several acres. The 
spot is thus described by Mr Cooper. ** The substratum of 
the country is a fosnliferous Umestone. At the Lick the 
valley is filled up to the depth of not less than thirty feet 
with unconsolidated beds of earth of various lands. The 
uppermost of these is a light yellow day, which, apparent- 
ly, is no more than the soil brought down (rom the high 
ground by rains and land-floods. In this yellow earth are 
found, along the water courses, at various depths, the bones 
of buffaloes (bison), and other modern animals, many bro- 
ken, but others quite entire. Beneath this is another thin- 
ner layer of a different soil, bearing the appearance of hav- 
ing been formerly the bottom oi a marsh. It is more gra- 
velly, darker coloured, softer, and contains remains of 
reedy plants, smaller than the cane so abundant in some 
parts of Kentucky, with shells of fresh-water moUusca. In 
this layer, and sometimes partially imbedded in a stratum 
of blue clay, very compact and tenadous, are deposited the 
bones of extinct ^)ecie8.'' — (Reports of Brit Assoc,) 

Mr Cooper has been at the pains to compute, from the 
teeth and other parts known to have been removed from 
Big-Bone Lick, the number of individuals requisite to fur- 
nish the spedmens already carried off. 

Mastodon maximus, • . , 100 individuals. 

Elephas primigenius, • • 20 

Megalonyx Jeffereonii, , • 1 
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Boa bombifironsy * • • • 2 Individuak* 

Bos Pallasii, 1 

Cervus AmericanuS) . • ; 2 

Subterranean ForesUy as they are termed, abound on 
many parts of the English and French coast. (See De la 
Beche's Manual.) The phenomena are not precisely alike» 
but yet generally similar in all of them. Some of them 
•hew signs of having been prostrated in particular direc- 
tionsi and covefed by river sediment (Tees Mouth, Lanca- 
shire, near the Humber); others are composed of drifted 
hazels, yews, oaks, pines, alder, &c., and covered by pine- 
stumps in attitude of growth ( Waghen near Hull) ; many 
are extensive accumulations below the level of the sea 
(Frith of Tay, Swansea, Humber Banks) ; some are slight 
aggregations in old lakes (Holdemess). Very often layers 
of blue clay, with shells of existing ftresh-water mollusca, 
lie with peat and timber in old lakes (Holdemess). Sand 
underlies the woody deposits of Mount's Bay; clay, of 
unknown depth, is the base of that on the Frith of Tay ; 
river sediments support that of the Cambridgeshire fens ; 
and '* diluvial" clay that of Holdemess. Bones of the Irish 
elk lie in old lakes, partly full of peat and shelly clay, in Ire- 
land, the Isle of Man, Lancashire, and Holdemess ; but the 
more common characteristic osseous reliquiae are those of 
the stag or red deer, fallow deer, beaver, and other existing 
quadrupeds, birds, insects, &c. Movements of the land are 
commonly thought necessary to explun the position, and 
particularly the level, of these *^ forests." 

Shell-Marl. — The best example was furnished by Mr 
Lyell's description of Bakie Loch, Forfarshire, which i^ees 
remarkably with some marl deposits in Tweeddale. Here, 
under peat with trees, shell-marl of variable thickness and 
consistence occurs, renting on a loose or partially cement- 
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^ sand* Under this is another bed of shell-marl, of an 
earthy consistence ; then fine sand and detritus. Near the 
springs which enter the loch, and supply the calcareous 
matter, the marl assumes greater consistence, and, from its 
compact or crystalline substance, deserves the name of 
"Rock-marl.''* 

Table of the Distribution of certain Extinct Quadrupeds. 
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America, • 

South America. 
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^ See Lyell in GeoL Trans, vol. iL2d BeiiBB,Prinoij[^qfGeohffy, 
and De la Beche's Manuai. 
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• Remains of the human race have often occurred in the 
same repositories as the animals noticed above, but ahnost 
never without sufficient proof of their later enstence. In 
some cases distUM^t proof of inhumation at subsequent p0-^ 
nods in other cases different state of conservation, or dif- 
ferent situation in the ossiferous deposit, have removed all 
doubt of this important fact. The only cases which can 
be considered at all doubtful, are those mentioned by MM. 
Toumal, Teissier, &c. in caves of Bize, '6cc* in the vicinity 
of Narbonne. In these instances, the proof of the poste- 
rior date of a/? the human reliquiae seems incomplete ; but 
the balance of opinion appears to be decidedly in fiivour of 
die view which has so long' been adopted by geologists, 
viz. that these northern regions were not inhabited by men 
during the period when elephants and hippopotami roamed 
in the damp forests of Germany, France, England, and Si- 
beria. 

t ( • 

What is the exact geological date of the eidstence of 
man, in other words, what is the exact point of union of 
historical and geological time — a most important proUem 
— is therefore as yet wholly undetermined. Its solution 
must, probably, be looked for in countries nearer to the tro>- 
pical regions of the Old World, where many concurring 
circumstances unite with the authority of Scripture in fix- 
ing the local origin of our ^des. 

IGNEOUS ROCKS AND DISTURBANCES OF THE MODEBN 

PERIOD. 

The effects of subterranean heat have been exhibited at 
intervals in all the periods of geological time, measured by 
the deposition of stratified rocks ; the resulting phenomena 
have been noticed at so many points on the earth's surface, 
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as to leave no doubt that the actum of heat, below the sur- 
(4ce i)i the solid crust of the globe, has been, either con- 
temporaneously or successiyely, as extensive as that of 
water above it. Certain phenomena, such as the general 
chamcter of composition and the absence dt* organic te*' 
mains, in the lowest primary strata, lead to the impression, 
that in the most ancient known geological period the e£Pects 
of heat were at one and the same time coextensive with 
these strata, which is nearly the same thing as saying they 
were contemporaneously universal. But as we ascend in 
the order of strata, and come nearer, though by an unknown 
progression, to the modem era, the evidence of this con* 
temporaneous great extent of the subterranean caloric 
influence diminishes ; the effects are still striking and of 
the same general description and equal in violence, but more 
local and limited. In the older period, we found occa- 
rional interstratification of igneous rocks and marine sedi- 
mentary rocks, and other proofe of the submarine situation 
of the igneous agency ; but in the tertiary periods new phe- 
nomena were observed, which proved the igneous agency 
to have burst forth on the dry land, or amidst fresh-water 
lakes, and to have assumed in consequence much of that 
peculiar character which belong? to actual volcanoes. 

It is very evident that the study o£ volcanic action af- 
fords the only dew to a correct af^reciation of the circum- 
stances under which igneous agency exerted itself in ancient 
times. The exhibition of modem volcanic action takes 
place under a sufficient yariety of circumstances to furnish 
an adequate basis of reasoniing upon the conditions which 
influeaced the different effects of similar i^encies in earlier 
periods. 
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VOLCANOES. 

The antiquity o^ volcamc phenomena is very great. 
Most of the districts in which volcanic phenomena take 
place, or have left evidence of their former activity, a{^ear 
to have been vents for subterranean fires from the era when 
the district first rose above the sea. This appears certain- 
ly to be the case with Sicily, Auvergne, -Naples, the 
Rhenish volcanoes, and many others, though perhaps the 
present volcanic cones of Etna and Vesuvius may not be 
of such high antiquity. Many truly volcanic regions no 
longer contain burning mountains, and never yield streams 
of lava; yet by the nature of the rocks, by the phenomena of 
mineral springs, by the mere form of the surface, they yield 
evidence that volcanic forces once were active there, though 
now extinct, dormant, or called off to some other focus of 
energy. From what we learn by comparison of volcanic 
regions in different conditions, it i^pears that each volcanic 
vent has a definite date of origin, lives through a period of 
activity, and decays by gradual or intermitting stages, till 
nothing is left but the marks of what has been. 

Continuity of Volcanic Action, This decay and extinc- 
tion of volcanic vents is a phenomenon of the highest im- 
portance in reasoning on the condition and causes of the 
subterranean temperature. If volcanoes die away for lack 
of their chemical fuel, a presumption arises that the condi- 
tions of their excitement are local, limited, and exhaustible ; 
but if this be not the case, if volcanic action only sleeps 
below a certain point, because it is awakened to greater 
and more easy manifestations elsewhere, there is no reason 
€L priori to prevent our admitting for all volcanoes one gene^ 
ral physical condition or cause. 

Extent and Connection of Volcanic Action. Now it is 
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certain, that in several instances volcanic phenomena have 
happened simultaneously, or rather after a shcurt interval, 
at very distant points or foci of volcanic energy. Dr Dau- 
beny observes {Treatise on Volcanoes)^ " The connexiou 
of the volcano near the town of Pasto with those of the 
province of Quito» was shewn in a striking manner in 1797* 
A thick volume of smoke had proceeded, ever since the 
month of November 1796, from the volcano of Pasto, but, 
to the great surprise of the inhabitants of the city of that 
name, the smoke suddenly disappeared on the 4th February 
1 797' This was precisely the moment at wKich» 65 leagues 
further south, the city of Riobamba, near Tunguri^ua, was 
destroyed by a tremendous earthquake." 

Humboldt (Personal Narrative) appears to view the 
higher part of the kingdom of Quito and the neighbouring 
Cordilleras, not as a group of distinct volcanoes, but as an 
immense volcanic mass, stretching from north to south, 
and occupying a surface of more than 600 square leagues \ 
the lofty mountains of Cotopaxi, Tunguragua, Antisana, 
and Pichincha, affording so many apertures from which the 
fire finds vent, sometimes in one and sometimes in another. 
Nq doubt exists of the connection of earthquakes and 
volcanoes. Mr Lyell observes, that from the commence- 
ment of the thirteenth to the latter half of the seventeenth 
century, no earthquakes are recorded in Syria and Judea ; 
and during tlus interval of quiescence, the Grecian Archi- 
pelago and the coasts of Lesser Asia, Southern Italy, and 
Sicily, were shaken by earthquakes and alarmed by erup- 
tions. 

. Geogrc^hicctl Distribution of Volcanoes. But much 
stronger proof of the great extent and connexion of the 
conditions of volcanic excitement, is to be found in the 

u 
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▼iew of their poeitionB on the globe. Voa Bach was the 
first to pn^xMe a classification of volcanoes in two groupSy 
vis. central voloanoes and volcanoes in line. Those of the 
Italian shores and islands, Iceland, the Azores, Canary 
Isles, Cape de Verd Islands, Gallapagos, Sandwich Islands, 
Marquesas, Society Idands, Island of Bourbon, as well as 
die mountaina of Demavend, Ararat, &c. belong to the 
former class. The Greek Archipelago, the west of Aus*^ 
tralia, the Isles of Sunda, the Moluccas and Philippines^ 
Japan, the KuriUan and Kamschatkan chains, die Aleutian 
Iidcs, the- Marfan Isles, die AntUles, as well as the Cordil- 
leras of Chili, Quito, Guatimala, and Mexico, aie ranked 
with the latter. 

The extinct vidcanoes of the old world, Auvergne, the 
Eifel, Northern Germany, Hungary, north of Italy, &c. be- 
long to the class of central volcanoes. 

The most remarkable line of volcanic venta on die giobe^ 
K that long chain of islands whidi, from Alaska, on Ite 
coasts of Russian America, passes by the Aleutian Isles, 
Kamsdiatka, the Kurilian, Japanese, Philippine, and Mo- 
lacean Islands, and dien turns in a long course thttiugh 
Sumbawa, Java, and Sumatra, to Barren Iskad in die Bay 
of Bengali 

AtHim and BxUnct V^^ouoes. The most commondKvi* 
simi adopted in works on volcanoes ae|i«t«ix» the known 
volcanic districts into eKtinct «nd active v«ileftiioes,---4k ^i^ 
tinotion which seems dearer than it is ^ for be^w^en tlie 
bmmitig mountain with its fiimiixlabte neaHliei, ttid die 
long silent volcanic mound, surrounded by mineral sprtegSi 
and other residuary phenomena, afanost every grsdaitioii ^an 
be trao^ Viewing die si^ject generally, it ia difficult 
ifO resist the idea tihat the exlubitioft of voloanic «xciie* 
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meat b in proportion to the proximity of the 6689 or other 
rcjpoaitary of water ; for almofit every one of the iMtivc 
volcanoes of the ^obe its situated in an idand, &r neiir the 
sea-ooast of a continent, and many of the extinct voknnoef 
are <m the site or in the neighbpwbood of ancient Jakes 
]Mw dried upw The foUowing short synopsis of the Atm^ 
tiopi <^ active v^icanoesy will shew their giso^iyd pr^Mmty 
to the sea. 

In the islands and sea-coasts of Europe. — Etna, Vesu- 
vius, Stromboli, Volcano ; several in Iceland, Jan 
Mayen, Santorino. 

In islands of Africa. — Teneriffe, Lanzerote, Cape Verd 
Isles, Azores, Isle of Bourbon, Madagascar. 

In islands of Asia. — Zibbel Teir in the Red Sea; an 
island in the Sea of Azoph; Aleutian Islands; Kurile 
Islands, Loo Choo, Formosa, Lucon, Fugo, Min- 
danao, Celebes, Temate, Fidore, Sumbawa, Java, 
Sumatra, Barren Island, Banda, New Guinea, New 
Brifedn, New Ireland, Friendly Islands, Society 
Islands, Ladrone Islands. 

On the continent of Asia, near die coasts or inland seas. 
— ^Demavend, Kamschatka. 

America, in the islands. — West Indian Islands, Galla- 
pagos. 

America, near the coast — California, Nicaragua, Gua- 
temala, Columbia, Peru, Chili. 

Amenca, more inland. — Mexico. 

The prmdpal ¥olcanie tracts of Europe, which all belong 
apfMffewtly to the tertiary aod modem perioda of geology, 
ajpfi i&ose e^ihe Piiy de Dome, Cantal, and Veki in France ; 
of die £i€di Che Rhine below Andecaach, near Heidel- 
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buigliy and near Freyburg; the Vogelgebirge ; Rhonge- 
birge; Eisnach ; natih of the Lake of Constance ; Hun- 
gary ; Transylvania ; the Grecian Archipelago. (See 
Daubeny on Volcanoes.^ 

Oriffm pf FbfeofMe VetnU. The origin or production of 
a new volcano has seldom been witnessed by competent 
obaervers. The phenomenon is, in &cty extremely rare ; for 
though we read of new cones and craters being formed on 
Etna, and new islands occasionally raised from the sea, the 
fact in general is> that these are merely new vents to an 
(dd volcano, whose former and accustomed channels to the 
surfiu^e have by some circumstances been rendered incapa- 
ble of giving passage to the vapours and lava of the teem- 
ing mountain. It is probable, from oonudering the lines 
of craters which belong to one of Von Buch's classes, that 
some great fissure or line of subterranean movement has 
determined the local situation of volcanic vents. Even the' 
central volcanoes of Von Buch appear to be often related 
to particular centres and axes of subterranean movement ; 
as Auvergne, the Eifel, Sicily, and others. 

Origin of Voleame Cones and Craters. Von Buch sup- 
poses in addition, that many volcanic mountains have been 
formed by uplifUng of stratified and igneous masses into a 
conical or elliptical mass depressed in the centre, and to 
such he gives the name of Erhebungs Cratere (craters oF 
elevation). 

Mr Lyell controverts this view, and attempts to prove 
that, like many of the new cones of Etna, Monte Nuovo, 
&C., near Naples, volcanic mountains generally are craters 
of eruptioni that is, nothing but heaps of scoriie and ashes, 
and streams of lava, collected into a conical mass in conse- 
quence of issuing from a central orifice. Many volcanic 
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mountains, probably all of a very decidedly conical shape, 
are formed in this manner ; but certain dome-sfa<^)ed hills 
in Auvergne are held by Dr Daubeny to be strictly referri' 
ble to elevation in mass. It is supposed that the formation 
of the Mexican volcano of Jorullo (1759)9 when, according 
to Humboldt, the ground rose up like a bladder for a sur- 
face of three or four square miles, to a central elevation of 
324 feet, is a modern example of the truth of the hypo- 
thesis of Von Budi ; and at all events, the possibility of 
such an origin cannot consistently be denied, if we pay 
attention to the many instances of elliptical elevation of 
stratified rocks of different ages, as at Woolhope in Here- 
fordshire, Greenhow Hill in Yorkshire, &c. which have 
been brought forward of late years. 

Volcanic Phases. By whatever means a volcanic vent, 
whether it be a cone with a crater-shaped top or any other 
aperture, has been formed, its augmentation can only take 
place by the process of eruption. Scoriae, ashes, &c. blown 
from the mouth fall round and augment the cone ; streams 
of liquid rock flowing over the edge of the crater, may, by 
many successive currents in different directions, produce 
an equal conical mouth of concrete lava, or, rushing out 
from the side of tlie cone, spread or accumulate according 
to the shape of the surface. These effects must differ ac- 
cording as the phenomenon happens in the sea or on the 
land. Hence Mr Scrope's distinction of subaqueous and 
subaerial volcanoes. Subaqueous ejections of scoriae, &c. 
Hre subject, in the first place, to partial suspension in water, 
and in the next, to agitations of the liquid produced by 
the eruption and other causes. ' These act in the same 
direction, and tend to diffuse the disintegrated accumula- 
tions far and wide from the volcanic vent. Hence strata 
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of very small indination are produced round the crater, or, 
if any thing comparable to a volcanic cone is occasioDed, 
the heap of large scoriae must yield to the lateral influence 
of the wares, and be at length d^ersed over die bed of 
the sea. Of the truth of this view, the modem island of 
Sdacca, its rapid growth, and mpid degradation, offered 
good illustration. 

Subaqueous eruptions of lava must also for the most pact 
flow under the pressure of the fiifuid columns to various 
breadths on the bed of the sea, so as to flirm irregular 8ti»- 
tiform masses, embossed here and there by mounds of lava, 
too quickly congealed to spread into the tabular form. 

Thus it appears a necessary oonsequenoe of the condi- 
tions of a subaqueous volcano, that its accumulations, wto- 
Iher liquid or disintegrated, diouid be ibraaed into broad 
expanded masses, having a stratiform anrnngementrand 
this is what is always observed among the igneous rocks af 
ancient gecriogical periods, unless where flBsm;es in the rodcs 
are filled by the imiptive lava. Thus the basalt of Tees^ 
dale and of Antrim, the porphyritic masses of Snowdoma> 
CuubnBLf &C. have been formed. 

Subeenal ejectione of loose materials nust of aeees»ty 
be collected round the point of exit into conical layers, 4ie* 
termined in their angle of inclination i^ike an^ieofrestiff 
the particles^ under the influence of die fliroes of projection 
and gravitation. The lavas poured out from the crater, or 
bursting from the flaaiks of the cone, nuist acoomnradate 
lliemselves to the form of the surfiu^e, so as to mantle round 
the onginal mountain, swell into knolls at its foot, lOr flow 
awiay into valleys and hollows of the land, or enter the sea. 
All these variations are visible at Etna and Vesuvius. 
Subaerial volcanic Sections may akemate with finsii* 
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water productions fCantai), with detritus holding bones of 
mamooaiia (Auvergne), or cover dties, as Pompeii and 
Herculaneum ; and submarine volcanic accumulations may 
alternate with shelly sediments and limestones. 

But there is yet another farm of modem volcanic aggre- 
gates which it is of great importance to distinguish from 
the preceding, because of its bearing upon points of great 
iii^portance in old geology. There are nAterranean vol' 
tanic products which neither are poured into the sea nor 
thrown into the air, but secretly ekd)orated under the pres- 
sure of a solid covering, and efiused into the fiasures of the 
rocks. 

Although it may reasonably be allowed that Che great 
variety of productions ejected by aubaerial volcanoes aibrds 
a good indication of the principal mineral substances gene- 
rated by volcanic action, we must be cautious not to limit 
our- notions of their combinations in the deep parts of the 
eartli to those irhich are suggested by the compounds which 
are determined at the surface. 

The degree of pressure, rate of cooling, and mass of ingre^ * 
dKents, which are known to be important modifying oondi- 
tionB of molecular aggregation, are wholly different at the 
roots and about the sur&ce of the immense volcanic chira- 
aeyi which, hke Etna and the Peak of Teneriffe, become 
fitted with ^ liqpid rodcs whenever the si^^temdiean pt^es- 
save «Bounts to a particular degree. 

At the base of a volcanic vient, deep in the earth or un- 
der the sea, particubr mineral aggregates, sfowly coined, 
voder great pressure, and in great masses, may, and pro- 
bably do, at Ihis day assume the largely crystalline texture 
and distinctness of ingredients of granite ; on <he bed of 
the^aoft they »ay flow in the «tate of porphyry or basalt ; 
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on the sur&oe of the hnd appear as poroos laya, and be 
blown into the air in disnt^;rated sooriaey ashes, and dust« 

YOLCANIC PRODUCTS. 

The niunber of mineral sobstances found in Tolcanic 
ejections is very great. Neariy 100 distinct minerals have 
been recognised among the products of Vesuvius. But of 
these only very few occur in such abundance as to consti- 
tute any great portion of the lava or sooris. 

It is almost correct to say that the principal portion of 
the masses of all the known volcanoes is constituted of two 
mineralsy — fdspur and augite. 

to the predominanoe of one or other of these 
the lava currents may generally be classed as | 

felspathic lava, or augitic lava, but the permutations of in- 
gredients is so frequent, that no definite mode of specific 
nomendature has more than a local value. Mr Scrope 
forms the groiqw Trachyte, Graystone, Basalt, and in each 
proposes many subdivisions. Trachyte is divided by Beu- 
dant upon different princqiles. Perfai^ps it is useless to at- 
tempt the drawing of lines where nature has permitted 
none to a|^pear. Trachytic rocks, as in the Siebengebirge, 
Hungary, Auvergne, are composed of crystals of glassy fel- 
spar alone, or mixed with mica, hornblende, titaniferoua 
iron, &C. and confusedly aggregated or cemented by com- 
pact felqpar. Porphyritic trachyte, like porphyritic granite 
holds large cr]^tals of felqMur f^iebengebirge.) On the 
other hand, in the graystone of Mr Scrope augite or horn- 
blende^ or both, predominate over the felspar. In many 
cases the felspar is partially or entirely replaced by other 
minerals^ as leudte, melilite, hauyne, olivine, 8uu 

According to the rate of cooling and other circumstances, 
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the aggregation of these ingredients varies much. Lava 
which has flowed down into water, and been consolidated 
under even slight pressure, is found more condensed than 
that which has hardened in air, and become cellular by the 
free extrication of gaseous bubbles in the hot mass. Sud- 
den cooling of lava gives it a glassy character, as obsidian, 
arlstone, &c. ; slow cooling developes its crystalline, gra- 
nular, and earthy texture« Gaseous expansion in a fluid 
mass of lava may convert it to cellular pumice, or scatter 
it into dust or scoriae, which are thrown out of the crater. 

Agun, the scoriae and dust are often collected by water 
into sedimentary deposits, called volcanic tu£P, conglomerate, 
puzzolana, and trap. It is this kind of accumulation which 
covers Herculaneum, while Pompeii seems to have been 
buried in dry ashes. 

Besides the solidifying mineral aggregates which flow over 
their summits or burst out from their flanks, and the disin- 
tegrated showers of scoriae and ashes which fall round them, 
many volcanoes pour out floods of water, variously impreg- 
nated with salts, and mixed with earthy sediments ; and all 
discharge volumes of gaseous matter and steam, and sub- 
limed mineral substances. 

The gases are chlorine, sulphuretted hydrogen, sulphuric 
acid, carbonic acid, nitrogen, fDaubeny). Sir H. Davy found 
the sublimations of Vesuvius to be chloride of sodium, 
chloride of iron, sulphate of soda, chloride of potassium, 
sulphate of potash, oxide of copper, chloride of cobalt. 

PHENOMENA OF EXTINCT VOLCANOES. 

Long after volcanic fires have ceased to be visible exter- 
nally, the re^ons which they once desolated are the thea- 
tre of residuary phenomena of considerable importance. In 

X 
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the neighbourhood of V«miiriiii die Atident Mdiytle Crater 
called the Solfatara, k Mill the chatitiel through which come 
to the surface abulidatit i^^ilt^ of ^pburetted hydrdgen. 
Hot waten still gush out fc6m the Monte Nuovo and the 
LagO AgtuMio. CaH>0(iic add gfts still filli the Grotto del 
Caiie, and rised tridi the springs Of water in Auvergne and 
tiie EifbL Eerthquakes have often irat ^iged the districts of 
A«i* MiAor^ where) ifi very andetit times« irolc&nio fires 
wetie lighted t an4 by eotubinitig these and other indi<^- 
tiofuK we find that it i« mthef (Votn walit of i^otnmunicfttion 
to the sur&ce than fitota any te^ stifling of theii^ energies, 
thftt volcanoes appear to become eittinet. 

If we were to adttiit^ With Dt Dat^eiiy, thAt the pheno« 
mend of hot^ftpritigs indidMed a stow volcdnie licdon still 
going on below the point of efflux (and the arguments he 
has brought ftom the gases whidi they evolve' appear im- 
portant), it would follow that few distriots of the globe are 
exempt firom such slow action of Vokanio fbrces below 
them. Butf on considering the cAsed where the same gases 
dre evolved fVom cold springs, Harrowgate, TunbHdge, &c« 
we find ourselves conducted to a more general f^sult, viz. 
that in places where disturbed strat^eaHon oecurSf or ver- 
tical moYements hdve happened, such as to render it cer- 
tain, or vety probftble, that a communication^ ariditig from 
solution of continuity of the strata, exists fi*om the surface to 
great depths, the springs which issue have generally a sedine 
muriatiferous or mineral impregnation, and evolve gftsei, (sul*- 
phuretted hydrogen, azote, carbonic add,) which correspond 
to those of volc&ntc regions, ftnd Indicate that, at the present 
day, at some depths fi'om the surface, the chemioid agencies 
oonsequiifit oh volcanic action or high temperature ore oon^ 
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tiliually going on, or momentirily excitable. Th6 tem- 
pertittune of «uoh springs may perhaps be a good indicatioB 
of the nearness of the source of heat, provided allowance 
be made for the quantity of water issuing. 

CONNEXION OF EARTHQUAKES AND VOLCANOES. 

That such a connexion exists is perhaps universally al« 
lowed ; but it is also capable of sufficient proof that earth- 
quakes generally precede volcanic eruptions, and this some* 
times for a considerable period, increasing in violence until 
the eruption happens and relieves the subterranean pres« 
sure. 

On the 26th of March 1812 Caraccas was utterly destroy- 
ed by an earthquake, and a mountain near it subsided. On 
the 27th April the eruptions of the Soufirier, in Bt Vin- 
cent's, began. 

In the year 63 of our era earthquakes began to disturb 
the vicinity of Pompeii, and in 79, after a succession of 
these phenomena, the fires of Vesuvius were rekindled. 

The extraordinary eruption of Jorullo in 17599 followed 
upon extraordin^ earthquakes } and the unparalleled ex- 
dtements of Ski^Jtar Jolnil in 1 7B3, were heralded by simi- 
lar precursors. 

The elevation of Monte Nuovo in 1538 was, in like man- 
ner, indicated by previous violent subterranean disturb- 
ances.' The connexion of earthqualces and volcanic erup- 
tions is that of two effects of one cause. In the Canary 
Isles, the Peak of Teneriffe is almost a continual safety 
valve, which drains off the gases, &c and so frees the sur- 
rounding islands from earthquakes. 

EarthquaJtes. — ^^fhese alarming indications of subterra- 
1 Sm Ly^rs Prinaiplet of Geology. 



244 TBRTUftY STRATA. 

nean disturbances are far more extensively felt than in the 
mere vidnity of the volcanic cones, whose renewed activi- 
ty they often betoken. The numerous concussions which 
were experienced in England in the 11th, 12th, 13th, 17th, 
and 18th centuries, seem as much dependent on the Ice- 
landic as on the Italian volcanoes. Those which have af- 
fected all the countries north of the Mediterranean ; the 
convulsive movements of Asia Minor in the early Christian 
eras j those of India, are far removed from any centres of 
volcanic excitement We also find that, in some instances, 
earthquakes have prevailed for years, and done great mis* 
chief, (as before the earliest recorded eruptions of Vesuvius) 
before the throes of nature have been relieved by the birth 
of volcanic fires. Hence, it appears that the earthquake is 
really the greater and more general, and the volcano the 
lesser and more limited, efiect of a cause more general than 

either. 

The characteristic effect of earthquakes is the displace- 
ment of the solid mass of the ground, and the violent agi- 
tation of the liquid parts. A passing earthquake is known 
by a peculiar vibration, or rather undulation of the solid 
ground, which tends to throw down unstable bodies, and 
to communicate vertical or oblique impulses to all. It is' 
not properly a vibration, but a forcible rolling of the solid 
crust of the globe once, twice, or several times. In some 
instances the effects are permanently indicated by opened 
fissures, subsided grounds, drained wells, elevated lines of 
country ; but more frequently the yawning ground closes 
again, and the convulsion passes on. It hais been observed 
that the apparent direction of the disturbance is the same 
in the same earthquake ; that the celerity of the movement 
is very great, but not instantaneous, and, in some instances, 
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particular line9 of country are found to be more commonly : 
affected than others. . 

It has been found that perhaps the greatest effects of 
earthquakes happen on the sea-coast (Lisbon, 1755 ; Port- ; 
Royal, 1692 ; Catania, 1693) ; that the shock is felt in the 
sea as well as upon the land, vessels being struck upward 
by a heavy blow, which could not be by vibration^ and 
waves retiring and reflowing at immense distances of coast 
from the places of principal disturbance. 

From all the circumstances, it is apparent that earth- 
quakes are the effect of a powerful mechanical force, ac-?- 
cumulated to a maximum at particular points, and along 
certain lines, at a considerable depth below the surface. 
The rolling motion of the ground is a real undulation of 
the flexible crust of the globe, consequent upon fluctua- 
tions of an interior fluid, liquid or gaseous, which is very 
extensively spread below the solid rocks, and liable to ir- 
regular disturbances, which are, at least partially, relieved 
by volcanic eruptions. . 

.On looking carefully at the recorded permanent effects 
of earthquakes, we find reason to believe that the most 
considerable displacements of |)arts*of the land have been 
productive of local depression, — that, as the most frequent 
result, the land has sunk. It was so at Port-Royal in 1692 ; 
at Lisbon in 1755 ; at Caraccas in 1812. We read of Mount 
Acraus falling into the sea in 876 ; of Pompeiopolis being 
half swallowed up in 541 ; of Grecian cities overwhelmed 
in the deepj at Darlington ground fell in 1179 ; at West 
Ham in Kent in 1596 ; near Bordeaux in 1660. 

But cases of at least temporary rise of the land also occur. 
In 1656, on the west coast of South America vessels were 
lefl dry far from their ancient place of mooring. In 1 1 10,^ 
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the Trent was dry at NotUngliam for a whole day; in 
1158, the Thames was dry at London. According to Mrs 
Ghraham, the coast of Chili, tar the distance of 100 miles, 
rose to a hei^t of three or four feet above its ordinary 
level, indications sppeamg that many such accidents had 
happened before : this case has been the sabf ect of much 
discussion. Permanent subndenoes and elevations hap- 
pened in the valley of the Indus in 1809* 

Upon the whole,, the firightfiil devastations ascribed to 
earthquakes are confined to particular regions of the globe, 
not far removed from the sites where volcanoes now are, 
or formerly were, in extreme activity. The permanent 
changes of level which they have produced in the last 
1800 years, are very slight and difficult to substantiate. 
From 1048 to 1800 (752 years), no less than forty-five 
earthquakes were recorded in England alone ; and no 
doubt many were unobserved ; yet what remarkable per- 
manent effects were ascribed to them even by the credu- 
lous chroniclers of the middle ages ? After exploring all the 
esuiggerated descriptions of the phenomena, written in the 
midst of fear and alarm, we riie firom the perusal, satii^ed 
that the effects of earthquakes are of the same kind as 
those performed by ancient convulsive movements of die 
g^obe, and similarly connected with variations of interior 
heat, but immeasurably inferior in amount. If modern 
earthquakes and volcanic fires be proportioned to the mo- 
dem rate of variation of interior temperature, hew much 
greater must have been the variations of heat correspond- 
ing to the incomparably greater convulsions of ancient 
date ? It may be said, perhaps, that our period of 2000 
years' experience is nothing to the long series of geologi- 
cal ages consumed in the production of these greater ef^ 
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fects ; it may be said, that such extensive displacements, 
whether effected by few convulsive movements, or many 
ftiiiallef disturbances, are equally a function of the time 
elapsed ; but, surely, if we find the modem feeble earth- 
' quake and volcanic fire adequate to restore momentarily 
the equilibrium of the disturbed interior forces, diey are 
the measure of such disturbances. 

There may indeed be a residual phenomenon ; the equi- 

librivun may be only partially restored, and the uncompen- 



sated ipoirtions may be terms of a series continually augment- 
ing, till it be satisfied by a great convulsion ; this may be : 
but if so, the point is at once conceded ; the inefficacy of 
earthquakes in producing such effects as the permanent up- 
lifting ofa mountain chain b granted, and for such an ef- 
fect we must look to some other and more adequate cause 
than mere volcanic excitement. What, then, is volcanic 
exdtement ? 

liyPOTHESBS OF VOLCANIC ACTION. 

■ Discarding the antiquated notion of volcanic phenomena 
depending on the combustion of coal-beds, the decomposi- 
tion of sulphuretted metals, &c, we have only two hypo- 
theses of volcanic action to consider. The authors of these 
' speculations call them theories ; but if we recollect how 
very insufficiently the laws of volcanic action have been de- 
veloped, we shall not readily grant that any great progress 
has been made in developing the laws of causation ; till 
this is done there is no true theory. 

The hypothesis proposed by Cordier, of a heated interior 
mass mechanically disturbed, has been improved by the 
additional postulate, that the heated interior of the globe 
is chemically disturbed by access of water and other causes. 
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and in this state is in harmony .with the. general view of 
Leibnitz concerning the changing conditions of the globe, 
and with the course of partial inferences contained in the 
preceding pages. But these views and inferences must be 
further examined and more fully admitted before any hy- 
pothesis grounded on them can be adopted by more than 
a party in geology. This examination we shall briefly at- 
tempt hereafter, but, at present, the truth of the doctrine 
of volcanic action being dependent on local tiiermal dis- 
turbances, must rest upon its power of explaining pheno- 
mena imder the disadvantages of the want of knowing the 
laws of these phenomena. 

Anotiier hypothesis was. proposed. by Davy, and, for a 
time, partially adopted by several chemists. Seeing the 
remarkable ignition and other' effects of strong chemical 
action consequent on the excessive attraction of the metallic 
bases of the alkalis for oxygen, it was easy to suppose tiiese 
substances existing uncombined in the interior of the globe, 
to imagine the local addition of water, or otiier substances 
containing oxygen, and thus to account for the violent ig- 
nition, alkaline products, steam, convulsive movements, 
and otiier phenomena of volcanoes. Dr Daubeny, the most 
strenuous supporter of this view in our days, places it on 
its true basis, viz. the power which it possesses of explain- 
ing phenomena. Thus both the hypotheses refer them- 
selves to one and the same test. 

It is, perhaps, commonly imagined that these hypotheses 
exclude one another, but this is unnecessary. Though the 
globe be hot within, it may contain uncombined the me- 
tallic bases of the earths and alkalis. Though it be to them 
that volcanic phenomena are owing, their action would not 
be impeded by a high temperature of the subterranean re- 
gion, but, on the contrary, exalted. 
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It is Either remarkable, that the points of agreement 
are great. It is requisite, upon either view, that water be 
admitted to a hot mass, or to one capable of becoming so ; 
that chemical processes happen, in which oxygen is ab- 
sorbed, and hydrogen and other gases released. The sub- 
limation of sulphur, salts, metals, &c. is just as intelligible 
one way as the other. The situation of volcanoes in islands, 
on sea-coasts, and generally near water, is a consequence 
of either hypothesis ; the long duration of volcanic foci,^ — 
the intermission of their action,^ — ^the gradual extinction of 
some of them, are quite as easily understood the oiie way 
as the other. . Wherein, then, do they really differ ? Prin- 
cipally in the development under the bias of the respective 
partizans. ; The hypothesis of Dr Daubeny is chiefly di- 
rected to the explanation of the chemical products, in the 

order of their succession, and, so far as the chemical ques- 

• * ' •• ■ ■ . 

tions are concerned, it appears to answer the conditions 
required. . The. other speculation has been found more 
powerful in explaining the great extent of the subterranean 
movements to which. volcanic fires are but a local append- 
age ; it is more^satis&ctory, when viewed in connexion 
with older pyrogenous rocks and older tremors of the globe. 
Thus the Mechanical theory, as Cordier's hypothesis has 
been termed, explains better, the mechanical effects ; the 
Chemical theory, as Dr.Daubeny's speculation has been 
named, fits better to the chemical phenomena. ^ 

But as they do not exclude one another, as both mcny he 
iruBf why are they put in such determinate opposition ? 
What the substances are which occur at the base of vol- 
canoes, is to be found by chemical researches ; in what 
state they are as to temperature, fluidity, density, &c. is 
the province of general physics to ascertain. 
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We may, therefore, very cdn^istently agree with Cor- 
dier» Von Buch, and De Beaumont, in viewing the origin 
o. volcanic fissures as a case of violent displacement of the 
crust of the globe, arising from change of the thermal state 
of an interi<Nr fluid midens, and in* ascribing to this me- 
chanical condition the great extent bf earthquakes from 
the bases of volcanic regions, and yet adopt at least the 
principle of Dr Daubeny^s hypothesis. If we were to adopt 
completely the opinions of this writer, we should have the 
following view of the series of chemital pt^esses. 

The mterior parts of the globe, whether hot or cold, 
fluid or concrete, consist, at least- iti' part!, of the metallic 
bases of the alkalis and earths, and of some metals ; to this 
water, generally sea-^water, and atmospheric air find access 
, tbrough irregular and variable chaimek in the rocks. The 
consequence is oxidation of the alkftline metals, pbtassiuin 
and sodium, the earthy metals siltcium, alutninum, &c., and 
-iron and other' ordinary metals ; a large vblume of hydro- 
gen, witt thus^'be liberated from its aqueous combinatidn 
wilh oxygen ; the atmospheric air will aho be ' decompos- 
ed, . and its nitrogen set free ; chlorine will be liberated 
from its combination with sodium ; i^ulphiir will be disen- 
gaged fifom various mineral combinations in the superior 
Tocks. Tl^n the oxygen will combine with sulphur to con- 
stitute sulphureous acid gas, and with hydrogen to form 
steam ; the oxygen being consumed, hydrogen will unite 
with sulphur, and form sulphuretted hydrogen, and with 
nitrogen to form ammonia, which, neutralized by chlorine, 
becomes sal ammoniac. 

Besides these, whidh may be called the primary chemi- 
cal phenomena, there may be noticed secondary pheno* 
mena depending on the mere communication of heat to the 
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Kodcs above* Such are the extrication of carbonic acid 
gas from calcareous rocks, the sublimation of sulphur so as 
to permit its combination with oxygen, to form sulphurous 
acid gas, and with hydrogen to constitute sulphuretted hy« 
drogen* These and other effects are equally necessary on 
either hypothesis, and must be supposed to continue long 
after the primary chemical phenomena have ceased ; as in- 
deed, in old volcanic tracts, we know to be the case. In 
ikctf along lines of dislocation of far hi^ier antiquity than 
any merely volcanic mountains, we find the same pheno- 
mena of hot springs, carbonic acid, nitrogen, sulphuretted 
hydrogen, ftc, and it thus appears almost a necessary con- 
sequence, that the heat, below a given point of the earth's 
surface, though no proper volcanic phenomena be there 
visible, is almost inexhaustible. Should not these consi- 
derations have weight in determining geologists not to re- 
fuse either the general thermal, or the local chemical hy- 
pothesis q( voleanoes ? Both are perhaps true, though we 
may not have the power of explaining by diem all the yet 
Imperfectly known phenomena, d^iending on the chang- 
ing temperature and chemical conditions of the subter* 
ranean regions. . 



STAT£ OP GEOLOGICAL THEORY. 

The caution which has been infused into every branch 
of natural science has been productive of excellent fruits 
in geology. Withip a hundred years its whole aspect has 
been changed $ fi>om a mass of crude speculations fitted to 
inaccurate observations, it has gradually grown up to ^ sys- 
tem of SQund, thovigh limited, inferences, conneeted by 
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some very probable generalizatious, and supported by inde- 
pendent mathematical reasoning. The haws of Phenome- 
na are unfolded to a considerable extent, and, in the opi- 
nion of eminent men of science, the time is at hand for 
effectual researches into the laws of causation. Not that 
the labours of observation should, for an instant, be sus- 
pended ; they are the most important of all the means of 
advancing geology : on the contrary, they ought to be con- 
tinually excited by new impulses, and turned into more 
profitable directions by the first, however rude, indications 
of theory. The state of geology is so prosperous, that its 
numerous cidtivators may well agree to divide their forces 
so as to accomplish combined movements ; to advance on 
the one hand the mass of generalized phenomena, and on 
the other to multiply the points of contact between dyna- 
mical, chemical, and vital laws, and the results of geologi- 
cal inquiry. 

In the exhibition of this subject, it is almost singular how 
useless and even trifling a thing it is to refer to the ancient 
opinions on the constitution and changes of the globe, 
which modem sceptics concerning the progress of geology 
seem to have ever before their eyes as spectra, warning 
them of the danger of listening to the reasoning of the 
mathematician, the astronomer, the chemist, or the zoologist, 
when applied to the history of the globe. Were it not for 
this salutary terror which they inspire even in bold minds, 
the reveries of Whiston, Catcott, and Whitehurst, perhaps 
we may add of Werner and Hutton, as to the origin and 
changes of the globe, would be speedily forgotten. Even 
the beautiful work of Playfair loses its importance when 
fairly poised against the growing mass of partial geological 
truths ; and perhaps we ought to look upon the hypotheses 
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of Von Buch, De Beaumotat, and Lyell, as oner generaliza" 
Honsy proper to excite and direct inquiry on particular points, 
and thus likely to have a temporary use rather than a perma* 
nent influence. However this may be, it is certain that the 
researches of the last fifty years have justified the words of 
Herschel : they have brought the grand problem of the 
history of the globe fairly within the circle of inductive 
science, linked it inseparably with the progress of physical 
science and natural history, so that its progress or retarda- 
tion can only be proportioned to that of the general mass 
of human knowledge. 

From this an important conclusion results : the dose 
union and strict dependence of geological reasoning on the 
advancement of other sciences, must place a strong re- 
straint on the presumption and confidence with which 
crude hypotheses have been often advanced by men of 
mere observation ; iii ftiture it will be trusted to minds of 
a higher order, habitually exercised in the combination of 
natural laws, to propose leading views in geology. It is 
already known that a mathematical basis exists for geology 
as well as for astronomy, and the search for this cannot 
long be unsiiccessftd in the accurate hands of the analysts 
of France, Germany, and Cambridge. 

So rapid is their progress that, even while we write, a 
large accession of knowledge is brought by Mr Hopkins, 
in a memoir on Physical Geology, presented to the Cam- 
bridge Philosophical Society, on the hitherto obscure sub- 
ject of subterranean movements, and other investigations 
concerning the interior of the globe are opening upon us. 
The following view of the state of theory on several funda- 
mental points cannot therefore be complete, perhaps not 
even firee from inaccuracy* 
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Thoiigli inferences from geoiogicai phenomena, and de^ 
ductions from assumed first principles in theory, may be 
almost infinitely varied, according to the extent of the 
data or the generality of the principles } yet, in fact, all 
theoretical views in geology, whidi can be considered ge- 
neral, are reduced to two types ; the deductive speculations 
of Leibnitt, and the inductive hypotheses of Hutton. 
These are really and necessarily different, and whoever 
ventures to choose one or other of these great leaders, must 
in effect decide for himself the fisDowing Important ques- 
tion : — 

Are the disturbances of the statical ooncMtion of the ter- 
restrial forces of organic and inorganic nature of a periodi- 
cal character merely, so that in any sufficiently long peri* 
od embracing all the cycles of their variations, the sum of 
their effects is equal to the sum of a corresponding earlier 
or later period^ which is Dr Hutton's view put to extreme ; 
or, are these disturbances of the nature of a series whose 

« 

successive terms, (whether a single disturbance or cycles of 
periodical disturbances), dif^ from one another in any re- 
gular progression ? (as Leibnitz supposes.) 

This question cannot be answwed upon analogy merely. 
Though the planetary system exhibits in all its perturba- 
tions a character of variation, such that the sum of the 
movements taken in any sufficiently long period is fbund 
to be constant) and the whole system permanent, miless 
the extraneous influence of the ether tend to slowly alter 
its condition, we cannot deduce that the parts of this sys^ 
tern shall, in mattere of another kind, have the like cha- 
racter of circular perpetuity. Nor, on the other hand, be - 
cause of the many proofs of great convulsions in ancient 
periods, and of the rarity or even absence of such phenomena 
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in hisloricar timda, miiy we oonclude thfti futh bonviditoflt 
Vill foever be repeated. There may be a periodicity of 
IheM great disturbaaoes q£ the solid globe^ as We know 
there is of the lesser Hrregularities of the atmosphere Mir** 
rounding it« 

This great question Is then to be tried by the applicabi-' 
lity of one or other of the leading |mnciples which it Ifl^ 
YoWes to the explanation of the phenomena of all geological 
periods^ and the only thing remaining to be settled is the 
degree of preparation in which we find ourselves for such a 
triiil of principles. 

Have we data, or laws of phenomena, sufficiently certain 
and known in all their relaUons to allow of ascending by 
inferences to one of the rival prinoipleSy or of testing de- 
ductions from the other ? 

It is probable that we hare not suoh knowledge. Foi^ 
neither do we know fiilly the present state of operation ol 
terrestrial forces, including, of course^ their submarine ef-i 
fects, nor tlieir Condition at any one fbimef period ; and 
it is only by a rigorous and careful scrutiny^ and eom-^ 
paHson of many different periods, that any just determi* 
nation can be formed as to the laws which regidate the va* 
riation of the forces. The utmost, then, which can be ex- 
pected is a presumption in favour of one or the other the- 
eretioal principle, according to its observed correspondence 
with the succession of phenomena which are best known. 

Even this task we shall not attempt. Instead of It we 
shall employ a particular consideration really common to 
both of them, though in their development under the 
hands of partisans, it has come to be almost exclusively as- 
sociated with the Leibnitaian speculation. Either of the 
principles previously contrasted admits of being develc^ied 
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in two modes ; accordiiig to both of them the changes now' 
going cm i^xm the globe may be part of a long series of 
similar or gradually changing phenomena, never interrupted 
in thdr operations by extraordinary exertions of the same 
or different forces. This is Mr Ly ell's doctrine; or the 
present may be viewed as a period of ordinary action of 
terrestrial forces, similar to many which have gone before, 
and which have been preceded and terminated by greater 
and more violent effects of intermitting agencies. (This is 
the view of M. De Beaumont.) 

It is certain that unless this limited question can be dis- 
posed of the general principles cannot be properly exa- 
mined, and in the discussion of even this really practicable 
problem all the knowledge yet gathered in geology may 
perhaps be found inadequate. It will, however, be useful 
to make the attempt) if only for the purpose of pointing out 
the lines of research on which geolo^calobservation tnay 
be profitably directed* 

In the system of continual compensation among the 
agencies of terrestrial nature, deluges and convulsions, 
greater than those of the modem period, have, strictly 
speaking, no place ; or if we relax a little tlie rigidness of 
the dogma, and allow that, by a fortuitous combination of 
circumstances, greater movements and inundations may 
have happened than have been recorded in the last thou- 
sand years or so, at least these must be shewn to be per- 
fectly consistent with the ordinary diurnal measure of 
the influential agencies. For example, a lake may be 
slowly emptied by erosion or suddenly by an earthquake ; 
the effects are very different ; but the agencies equally be- 
long to the present system of nature. Great effects may 
thus be performed, in consequence of particular combina- 
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tionS) by very moderate measures of force; but in applying 
this system to older phenomena, we must examine the direct 
effects : convulsionary movements must be the measure of 
disturbing forces, and diluvial effects the guide to inferences 
concerning cataclymal agencies. 

ORIGIN OF THE MATERIALS IN THE CRUST OF THE 

GLOBE. 

The compound nature of these materials is a subject ox 
great interest in any theory of the change? of the globe. 
When we consider the various minerals included in one 
rock, as granite ; the definite chemical formula which re-, 
presents the attractive forces of each of these ; the molecu- 
lar and elementary constitution of the different parts of 
each ; and recollect that any one of these molecules and 
elements has various physical properties, how improbable 
does it appear that we shall ever arrive at a knowledge of 
the changes of condition through which these unchanging 
particles have passed ! Yet it is almost impossible to avoid 
the endeavour, useless though it be, to separate these par- 
ticles in imagination, and to represent them to the mind in 
a state of individual, though associated existence. 

This is what Laplace and Herschel have expressed when 
they presented, as the result of their profound reflections, 
the speculation of this globe originating from the conden- 
sation of a gaseous expansion in space — a i^otion often exr 
tended to the other planets, and supposed to be in harmony 
with the common direction of their motion round the sun, 
the nearly coincident planes of their orbits, and other less 
striking circumstances. That such gaseous or vaporous 
expansions exist in space is known both by observation of 
comets, and of nebuke. 

Y 



258 OBiaiN OF THB MATBBIAL8 IN 

P^rhi^ this fiew, as it is certainly the niost ^eVutedy 
is also the most correct hypothesis of (he early fomiiitioB 
of the globe ) but it would be uiifiur to employ so ^qieeu- 
lative an argument against the doctrine of continual oom- 
pensation among the agencies of Natures because this was 
proposed only for the terraqueous globe. Given, then, the 
globe reduced from its gaseous expansion, we may proceed 
to inquire into the proximate origin of its ancient rocks 
Here |i real discordance arises between the two systems 
oompsred. While describing ^e priniary strata, we have 
shewn the grounds for bdieving them to be derivative 
aqueous from primitive igneous rodcs ; but Mr Lyell, in his 
ingenious development of the Huttoiuan philosophy adds to 
this A reverse proceeding. According to his view the se- 
dimentary aggregates from water at the sur&ee of the 
globe, are derived from other such rock% or from pyro- 
genous products ; but whatever was their proxtmi^te ori^n, 
they change again in the deeper parts of the eartHi by gra* 
dual transf<nrraatton into crystalline or igneous rocks* 80 
that the mechanical agency of water above, and the trans- 
forming agency of heat below, are, in this hypodiesiB, an- 
tagonist farces, separated by a zone of rocks (the orust of 
die earth* as it is technically called) which above are of 
tbo nqueous, but belpw of the igneous Idngdom. 

Between thfim two polarities, so to speak, the particles 
of the exterior parts of th^ earth oontinuallyeifQiilate. Fire 
r^S^s matter from bebw: water we^ts aw»jr the h^^ 
parts of the surface, and adds to that load of strata whieh 
in the lower part is hourly changing to granitio Vkd other 
crystalline rocks, <* equal quantities in equal times.'' 

In support of this view, only kical a|id limited iboU^pn 
be adduced ; but these, as &r as they go, are inqiovtant* 

6 
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It 19 found that earthy limestones, Buck as commonly oe* 
cur in secondary strata, ar6 converted, by heat and proxi** 
mity to pyrogenous rocks, into crystalline marble, such as 
occurs in primary strata (Kaisi»Btuhl, Teesdale, Antrim) ; 
that lia^ shales assume the aspect of clay-slate (Val^ of 
Chamouni) near the primary rocks; that common sandstone 
becomes quarts-rock under tlie influence of heat (Caer Ca» 
radoc). Hence, as a consequence, we infer the consoUf 
dation, and many other characten of primary strata, to be 
the effect <^ heat. But this Ms short of the proof re* 
quired, which must be to the extent of shewing, not the 
changes of secondary to primary strata, but the changes of 
these into ^anite, and oth^ crystalline rocks generally. 
SatisfiM^tory proof of this nature and to this extent, is, we 
believe, nowhere afibrded. 

Moreover, what has been said before of the character 
and origin of the primary strata, tiiieir relation to the deve- 
lopment of organic life, and other drcumstances, appears 
sufficient to shew that their formation is, in some import* 
ant respecta, of a different kind from that of secondary se* 
dimentary rocks ; that the influencing conditions as to heat 
and watery agency were dissimilar; that the globe waa 
then really in a different state generally* If so, we must 
certainly reject the doctrine of continual uniformity of na* 
tural operations, and admit alt^nating periods of different 
modes and measures of mechanical and chemical action- 
It is probable, then, that the successive systems of strata 
which have beendescribed, are all that have been formed above 
the original crystalline rocks by the operations of water. 

ORIGIN OF CONVULSIVE MOVEMENTS OF THE CRUST OF 

THB GLOBB. 

Periods of Oceurrence. — The proofs of the occurrence of 
Bodi have already been given. Many examj^eis have abo 
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lieen presented* It remains to ascertain^hat progress has 
been made towards discovering the cause. 

It is certain that convulsive niovement% have hi^f^ifpAed 
at various periods during the deposition of the strata ; and» 
notwithstanding the difficulties noticed in an earlier part of 
this essay, as to the determining of their exact geological 
date, there is already collected a great mass of information 
on the subject. One of the most important results yet ar- 
rived at, is the conviction that the time occupied in these 
convulsions was very short, compared to that which was 
consumed in the deposition of the strata ; short periods of 
convulsion alternated with long periods of ordinary action. 
This at once decides the question as to the uniformity of 
the effects of natural agencies in the negative. It is also 
found that the effects of these convulsions were very exten- 
sive. The exact contemporaneity of those which followed 
the Plynlymmon rocks of Cumberland, and the slaty rocks 
of North Wales and Cornwall, may not be proved, and is 
not, for this part of the subject, very important. They 
happened within a comparatively short period, so as to 
shew that the spasmodic action was extensively felt within 
certain limits of geological chronology, in quarters where 
it had not been experienced before ; and the general un- 
conformity of stratification between the primary and ser 
condary strata, shews that an almost universal disturbance 
or series of disturbances happened within these limits. 

Magnitude of Disturbance, — The extent of the disloca- 
tions effected by particular convulsions is really enormous, 
and puts to shame the utmost exerti(m of a succession of 
modem earthquakes for many thousands of years. The 
Penine region of the north of England, elevated posterior 
to the era of coal-measures, is defined on three sides by 
dislocations of 1000, 2000, 3000, and more feet ; and there 
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is, perhaps, as litde reason to suppose that more than one 
effort was employed on any one of these sides, as in the 
case of an ordinary faults Such faults, indeed, sometimes 
occasion depression of several hundred feet ; but seldom 
for such great lengths as the Penine and Craven disturb- 
* ances. 

It is not easy, nor perhaps possible, to prove that single 
efforts have raised the Grampian or Snowdonian chains to 
their present elevations ; yet, in many cases, it is hardly to 
be supposed that more than one exertion of force has been 
applied to straight anticlinal axes like those of the Malvern 
Hills, the Caradoc Hills, the Ribblesdale Ridges, and others 
of considerable extent. 

Systems of Disturbance, — From careful inquiries it is 
found possible to range the disturbances into systems re- 
lated to geolo^cal time, so as to present proofs of a defi- 
nite number of considerable convulsions having visited a 
particular region. Thus, in the British Isles, the following 
systems of disturbance occur in the particular periods men- 
tioned. 

First Great System. — After the deposition of the Cam- 
brian slates. The Grampians and Lammermuir; 
the ranges of Donegal and Cavan ; the Cumbrian 
Mountains; Snowdonia; the Ocrynian Chain of 
Devon and Cornwall ; are supposed to have been 
uplifted at this time. 
Second Great System. — ^Afler the deposition of the coal- 
measures. The greater number of dislocations in 
the coal-fields of Great Britain ; the great Penine 
Fault, Craven Fault, and Ribblesdale Antidinals ; 
the Derbyshire Faults; those of Mendip, South 
Wales, were then produced. 
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Third Sy8teni«*^After the deposition of some parts of 
the New Red.Sandstone strata. The TynedaLe Fauhi 
Faults in the coal-fields of Shropriiire and DucBiay » 
on the northern border of Derbyshire s the ridge 
prolonged from the Breiddin Hills. 
Fourth System — After the Oolitic period. In Yorksbira 

and Dorsetshire. 
Fifth System-^After the Marine Tertiaries of the SouUi 

of England, Isle of Wight, &e. 
On turning to the continent of Europe, we find that M. 
De Beaumont, besides recognising these five systems, pro- 
poses several others, amounting in all to twdve ; but we 
shall only add the two which have affected llie Alps in pe- 
riods probably later than any of those of the Britirii con- 
vulsions. 

The System of the Western Alps, whidi appears to have 
followed upon the deposition of tertiary strata of the 
age of the Touraine beds (Meiocene, Lyell). 
The System of the Eastern Alps, parallel to the vale of 
the Danube. Some supratertiary or diluvial beds 
are stated to be disturbed by this convidsion. 
M. De Beaumont su^ests that the elevation of the An- 
des may have been posterior to all these ; and a curious 
tliough inexact corroboration of this opinion has been late- 
ly furnished by Mr Darwin, who finds, in the southern parts 
of the chain, strata of extremely modem date uplifted to 
the height of several thousand feet. 

In North America there appears, according to Professor 
Rogers, reaacHi to suppose that, since the disturbances of 
tlie primary and carboniferous strata, the whole secondary 
and tertiary periods of geology have left few traces of any 
important convulsive movements. 
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Directum of Convulsive MovemenU. — ^The first notions 
on this subject were formed by miners, who in the course 
of their experience observed, as a &ct of great practical 
importance to their art, that the n^ineFal veins which were 
most generally and uniformly productive ranged east and 
west, or nearly ; and that these right running veins were 
divided by cross-efmrses^ passing north emd south, or near- 
ly. Not that there are no other directions of veins and 
cross-courses, but, amidst many directions, these prevail. 
Cornwall, Wales, Cumberland, the Penlne limestone re* 
gion, Brittany, the Harz., the Hungarian mines, and even 
Mexico, appear to confirm this law suggested by practical 
men. It is very difficult, or rather impossible, to explain it; 
but we may remark, that, in many cases, the direction oi 
mineral veins follows that oi the natural Joints and fissures 
produced by consolidation of the rocks ; and that it is very 
conceivable that diectrical currents, or other polarizing agents, 
might communicate to such fissures one or more definite 
(Erections. In fact, it is proved that in Ymrkshire, Derby- 
shire, and other large tracts, these fissures have definite 
directions, mostly rectangular to one another. 

But it is to M. De Beaumont that we owe the proposal 
of the direction of convulsive movements, as a new and im- 
portant problem in geology. He supposes that disturbances 
of the same system or geological era are parallel to a cer- 
tain great circle of the sphere ; that those of difierent pe- 
riods are related to difierent circles, the poles of these cir- 
cular systems being very irregularly posited on the globe. 
lliere are facts whldi make for and against this hypothesis, 
but it b difficult, in the present state of our knowledge, to 
come to a right conclusion on the matter. It is very diffi- 
cult to know the relative ages of distant convukions, be- 
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cause the lines of contemporaneous stratification are often 
entireiy unknown. Adjacent convulsions, even if parallel 
cannot prove a rule which is to i^ply to a whole circle ; 
moreover, local variations of a line of convulsion sometimes 
derange all the reasoning. 

Instances in favour of the view of M. de Beaumont may 
be found in the British islands, — ^none more remarkable 
than the north-east and south-west axes of anticlinal ele- 
vation, which compose the first great British system of dis- 
turbed strata. Less extensive analogy obtains among 
the many anticlinaJs of Ribblesdale, which belongs to the 
second system ; but this also ranges north-east and south- 
west, or east-north-east and west-south-west; while of 
other lines of the same date in the same region, one, the 
Penine Fault, ranges north-north-east, and north-north- 
west ; another, the Craven Fault, ranges west-north-west. 
If the South Wales system be contemporaneous (and it has 
not been proved to be otherwise), east and west directions 
must be added to these various lines ; and what makes the 
whole more perplexing, is the recurrence of east and west 
directions in the post-tertiary, or fifth English system, be- 
tween the basins of Hampshire and London. 

Under these circumstances, it is clearly impossible to 

adopt De Beaumont's hypothesis, for want of evidence 

either exact or extensive enough to substantiate it. But 

yet entirely to reject the principle which it involves, would 

be not only rash, but positively contradictory to important 

facts. That some symmetrical accordance does really exist, 

and is traceable between the dislocations of a particular age 

in a particular region, is certain. Some cases are known 

of this symmetry being more extensively recognised.. 

We may therefore continue our inquiries, not to test the^ 

1 
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hypothesb of De Beaumont) but to find out what i$ the 
truth. 

Hesuiis of Ohservatian* — In Mr Murchison's .notices of 
the Silurian system, and the igneous rocks associated there- 
with, are many proofs of the local parallelism of ridges of 
trap) and anticlinal axes in these ancient rocks, combined 
with some general directions of dislocation. The prevail- 
ing strike of all these deposits is nortli-east and south-west, 
or parallel to the Snowdonian chain, from Shropshire to 
the mouth of the Towey, a range of 100 miles. Within 
this space are numerous minor axes of dislocation, short, 
but parallel to the same great strike of the beds ; the beds 
dipping north-west and south-east, firom ridges of trap. 
This general line of dislocation is broken through by trans- 
verse rents and fissures. A north-eastern strike belongs 
to the Ludlow rocks and the old red sandstone. On the 
eastern side of the red sandstone of Herefordshire, the 
ridges of Abberley and Malvern point north and south, but 
»re oompUcated by minor ridges running in diilerent direc- 
tions. They are posterior to the coal formation.^ 

In the mountain limestone tracts of Yorkshire, the dis- 
locations present the following general characters : — The 
faults and mineral veins have a tendency to range at 
right angles to one another ; the lesser fiiults and veins 
tehninate in the greater to which diey are rectangular. 
Where the great or Penine fault changes its dbection, the 
veins also change. The intersection of the branches of 
the Penine fault with the main stem, though one of these 
bnuiches is not of the same age^ is nearly perpendicular. 
In the Ribblesdale system of antidinals, many parallel 
ridges east-north-east and west-south-west occur, and these 

^ Geologioai ProeeeHngt. 
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are tulijecl; to yery firequent cnxs-rolk or imdulatkiim^ 
which break them into oval quaqu&yersal elevations. Mi- 
neral veins tend to cross these axes (one goes aldnganaxis.) 
The RibUesdale aatidinala are cBrected at right an^ea 
toward the Craven findt, and near this finilt some of then 
bend and turn to coincide in its direction. ^If we con* 
ceive all the country south of that fimlt to have undergone 
a vast relieve depression, and that at right angles to the 
line of the fault many parallel undahdaons sprung out^ which 
arrived at their maximum of curvature a short dhstancc 
from the fault, we shidl have a right notion of llie case." ^ 
BesuiU ^ Mathematical Inquiry, It is eirident tibot 
the preceding results of observation, coupled with iite ex« 
perience of miners and many other circumstances^ point to 
some common principle, which must reoegnise aa one- of its 
results^ a tendency to l^cal parallelism and rectangulation 
among the lines of dislocation in a given region. A vaki«> 
able contribution for this object has lately becft added to geo*- 
logy by Mr Hopkins (Camh. TraM.)^ whoy ftom verysimpfe 
and probable assumed omditions of the crust of the ^b^ 
has deduced mathematically a series of dynamio^ results for 
comparison with the observed laws of ph^Domenai The 
following extract will explain has views and methods of 
inquiry : — ^' The hypotheses firom which I set out, with 
respect to the action of the elevatory force, are, I cenoetve, 
as simple as the nature of the subject can admit of. I as- 
sume this force to act under portions of the earth's crust 
of considerable extent, at any assignable depth, eitherwith 
uniform intensity at every point, or in some cases with a 
somewhat greater intensity at particular points ; as for in- 
stance, at points along the line of maximum elevation of an 

^ Geology of Vof^shirey vol. ii; p. 119. 
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devated range, or at odier points where the actual pheno- 
mena seem to indicate a more than ordinary energy of this 
subterranean action. I suppose this elevatory force, what- 
ever may be its origin, to act upon the lower surface of 
the uplifted mass, throu^ the medium of some fluid, which 
may be conceived to be an elastic vapour, or, in other cases, 
a mass of matter in a state of ftuion from heat Every 
geologist, I conceive, who adaaits tHe action of elevatory 
forces at all, will be disposed to admit the legitimacy of 
these assumptions. 

^ The first effect of an elevatory force, wiU of course be 
to raise the mass under which it acts, and to place it in a 
state of extension, and consequently of tension. The in- 
crease of intensity in the elevatory force, might be so rapid 
as to give it the character of an impukive force, in which 
case it would be impossible to calculate the dislocating 
efiects of it. This intensity and that oi the consequent 
tension, will therefore be always assumed to increase con- 
tinuously, till the tension becomes sufficient to rupture the 
mass, thus producing fissures and dislocations, tlie nature 
and position of which it will be the first object of our in- 
vestigation to determine. These will depend partly on the 
elevatory forces, and partly ob the resistance opposed to its 
action by the cohesive power of the mass. Our hypotheses 
respecting the constitution of the devated masses, are by 
no means restricted to that of perfect homogeneity ; on the 
contrary, it will be seen that ita cohesive power may vary, 
in genend, according to any continuous law ; and more- 
over, that this power, in desomding along any vertical Ime, 
may vary accordii^ to any dlscontiAuous law ; so that the 
truth of our general results will be independent, for ex- 
ample, of any want of cohesion between contiguous hori- 
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nmtal beds of a stratified portion of the mass. Verdcal or 
nearly vertical planes, however, along which the cohesion 
is much less than in the mass inmiediately on either side 
of them, may produce considerable modifications in the 
phenomena resulting firom the action of an elevatory force. 
The existence of joints, for instance, or planes of cleavage, 
in the elevated mass, supposing the regularly jointed or 
slaty structure to prevail in it previously to its elevation, 
might afiect in a most important degree the character of 
these phenomena. To a mass thus constituted, these in- 
vestigations must not be considered as generally i4>plica- 
ble.'' > 

After a very clear summary of the mathematical results 
of the investigation, first as to a thin lamina acted on by 
one, two, or more systems of tensions, and, finally, to a 
mass of three dimensions, the author proceeds to apply 
these results to the actual case of a portion of the earth's 
crust, under the hypotheses respecting the action of the 
elevatory forces, and the cohesive power of the mass, which 
have been already stated. 

1 . Longitudinal Fissures. In the , case of a mass of in- 
definite length, bounded laterally by two parallel lines, 
with the elevatory force imiform, the extension, and there- 
fore the tension, will be entirely in a direction perpen- 
dicular to the length, so that its whole tendency will be to 
produce longitudinal fissures, or such as aie parallel to the 
axis of elevation. These fissures will not commence at the 
surfiice, but at some lower part of the mass. The whole 
series of stratified rocks existing above an originating line 
of fissure, will be afiected by the tension producuig it ; but 
under certain cases the fissures may not reach the surface* 

1 Cambridffs Trans. 18%^. 



THK CRUST OP THE GLOBK. 269 

The width of the fissure will be nearly the same at all 
depths of disturbed strata (varying, however, with their 
elasticity). Any number of these fissures might be formed 
simultaneously, more, it is probable, in the deeper parts. 
Thus there are complete and incomplete fissures, all paral* 
4el to the a^ds of the uplifted tract. 

2. Transverse Fissures. If the elevatory force be sup- 
posed to act with greater intensity at particular points 
along the general line of elevation, or an additional force 
svgDerimpased on a uniform force, the axis of elevation will 
be undulated by one or more cross ridges and hdlows ; and 
parallel to these another system or systems of fissures may 
be produced, circumstanced like the longitudinal fissures 
previously mentioned, as to completeness, width, &c. but 
ranging across the cucis ofelevcUion and approximately per- 
pendicular to the longitudinal fissures. This result is al- 
most independent of time : the transverse fissures may be 
instantaneouriy following, or very long subsequent to the 
longitudinal fissures.^ 

3. Fissures of a Conical Elevationy if produced solely by 
forces of great intensity and limited area, wiU commence 
along or very near to the axis of the cone, and be continued 
in a vertical plane, passing through the axis. If such forces 
were exerted simultaneously with those determining a 
general axis of elevation and fissures parallel thereto, the 
result would be a local convergence of such longitudinal 
fissures towards the axis of tlie conical elevation, beyond 
which they would resume their parallels. A contrary de- 
viation of these fissures would follow upon a spherical ele- 
vation. 

^ These deductions from theoiy are supported by many well 
established fiiets. 
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4. FamtU, By the decrease of the expansive forces 
which produced the tensions oocaa<»iing the fissures, iJie 
equiUlnrium of the divided parts would be destroyed, and 
they migfat rest in unequal elevatbn above their original 
level, thus producing longitudinal and transverse fiiults. 
Antidinal, synclinal, and umple faults, are thus easily un^ 
derstood to be all consequences of the new positions tc&en 
by the divided rocks upon the oessaftion of the sustaining 
forces. 

Without prosecuting further our abstract -from Mr Hop- 
kins' ingenious paper (which embraces, however, many 
other remarkable coincidences with observations), we may 
quote his important concluaon. 

'* If the approximate accuracy of our assumptions be al- 
lowed, as iqipiied to the crust of tlie globe, it i^pears from 
our investigations that an elevated range characterized by 
continuous systems of longitudinal and transverse fissures, 
referrible to the causes to which we have been assigning 
such phenomena, could not be produced by successive ele- 
vations of different points, by the partial action of an ele- 
vatory force. In such elevations, fissures would necessarily 
diverge in all directions from the central points, so that 
parallel systems, such as have been mentioned above, could 
not possibly be thus produced. . Every system of parallel 
fissures in which no two consecutive fissures are remote 
from each other, must necessarily have had one simultane- 
ous origin." 

ORIGIN OF MINERAL VEINS. 

This has long been, and will for some time continue, a 
disputable question in geology ; but considerable progress 
has been made in it since the days of Wemerand Playfair. 
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The origin of the jUswres in which a great proportion of 
'Oiin^al veins occur, is certainly proved to be either by mole- 
cular attraction, causing contraction of the mass of rock> 
and thus generating joints or divisional planes, or by the 
tension of elevatory forces, as explained in the last seclion. 
The rotative antiquity of the fissures constituting rake veins, 
(ia Cornwall called lodes), is become a practicable problem, 
sinoe Mr Hopkins has given mathematical deductions to 
aid the observation of facts. When, as is universally found 
in a mining district, some veins as A 6 cross others as CD^ 
(Diagram No. 15.) and interrupt them, the conclusions of 

i\^. No. 15. 





t^ Up. 



Down. yy^ 

= Vertical Cron Vein. 




the miners have generally been in accordance with the 
Werner ian dictum, viz. that the continuous vein is of less 
antiquity than that which it divides; but Mr Hopkins 
thinks this conclusion untenable. For if the displacements 
of the veins be only apparent, that is, if eitlier of the fis^ 
sures has been originally formed with the irregularity ill 
question, in consequence of any line of least resistance 
affecting the direction, it must be the newer C D, which has 
deviated along the fissure AB, and then resumed its bear- 
ing. 

But if the displacement be real (whether vertically or 
horizontally), then, as fiur as relates to the fissures, they 
may be contemporaneous. It may, however, be possible 
firom other considerations, to determine the relative epochs 
of the introduction of mineral matter into fissures, if not 
the geological dates of their production. 



J 
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The differences of the contents of veins in a given min- 
ing region, €,g, Cornwall, i^pear certainly in a considerable 
degree related to their directions. Werner long since pro- 
fiosed a classification of veins founded on their directions 
and contents, and supposed it possible to refer even Eng- 
lish mineral veins to their place in his Saxon Mining 
System from such considerations. (Werner on Veins, 
translated by Anderson.) Mr Came gives no less than 
eight principal systems and ages of mineral veins in Corn- 
wall. The criteria of age are founded on the displace- 
ments of the veins ; east and west is the most prevalent 
line of productive veins ; north and south of the cross courses-, 
which are generally unproductive. 

Repletion of Mineral Veins, — The opinion of the Cor- 
nish miners and geologists generally appears to be, that 
most or all of these veins are to be regarded as contempora- 
neous with the rocks which enclose them ; but the argu- 
ments for this contemporaneity are not so satisfactory as 
those employed by Professor Jameson in the case of con- 
temporaneous veins in igneous rocks. — Wem. Trans. 
Dr Boase and others, however, mention the change of me- 
tallic contents with change of rock, — ^the favourable or un- 
fiivourable character of certain rocl^ for yielding ore, &c. 

Whatever force may be thought due to the facts and the 
opinions brought forward on the subject of veins in Corn- 
wall, it is perfectly certtun that, in distinctly stratified coim- 
tries, the mineral matter has been introduced into open 
fissures long after the deposition and consolidation of the 
strata. The proof is unanswerable. Joints and fissures 
filled with metallic and sparry matters (mineral vems), pass 
through rocks which are not contemporaneous but succes- 
sively deposited, and divide corals, fishes, Sfc,^ It is evi- 
^ Report BriHsh Assooiationt £dinburgh Meeting. 
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dent that this must close the discussion as &r as regards 
these rocks. 

But, though it cannot be reasonably doubted, as a gene- 
ral truth, that the vein-stu£P has been transferred into open 
fissures of the rocks, it is not so easy to determine how this 
was effected. Have the materials been injected from be- 
low as lavas into the fissures of a mountain (Hutton), or 
sublimed from a hot region to a cold fissure (Buckland), or 
segregated by some peculiar influence from the neighbour- 
ing rocks (Sedgwick), or poured into them in aqueous so- 
lution (Werner), or transferred by electrical currents (Fox), 
as in some instances, we have good reason to believe ? 

In the present state of our knowledge neither of these re- 
sults can be admitted exclusively, yet perhaps none ought 
to be absolutely rejected as a cause of the repletion of me- 
talliferous iKures. Many veins appear as much the result 
of a real injection of sparry and metallic matters from a 
subterranean source as any rock-dykes or granite-veins. 
But when, as in Derbyshire, we find mineral veins divided 
horizontally by a particular stratiform mass, as toadstone, 
and in other parts by argillaceous beds, so that the vein, 
being a full fissure above and below, is only represented 
in the toadstone or shale by one or a few strings of cal- 
careous spar, it becomes evident that injection is not the 
(mly cause of the repletion of mineral veins. See Diagram 
No. 16. 

No. 16. 



Vein complete 

in 

Limestona 

Contracted in Shale, ^. 
Complete in Limeitone, ftc 
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Sublimation from the heated subterranean laboratory of 
nature through the fissures of rocks is a very probable, but 
not universal, cause of the repletion of veins. It is proba- 
ble because of the agreement between the successive ver- 
tical lamination of the materials of a vein and the suppos- 
ed successive introduction of them to the fiissures ; but this 
is not conchifflve, inasmuch as the processes of crystalliza- 
tion from a general fluid mass may as Well be appealed to 
for producing the same phenomenon. It is not universal, 
because of the frequent occurrence of perfectly insulated 
nests of metallic and sparry matter in shells and in the sub- 
stance of rocks. These, indeed, afford a very sttong prima 
facte argument in favour of the collection by molecular se- 
gregation or electrical transfer of the different particles. If 
we consult general probability, it will appear most reason- 
able to admit these separate aggregations of iietallic and 
sparry matter, as being laterally transferred from the vein 
rather than examples of segregation from the roch. Near- 
ly every case of peculiar apparent relation between the 
sparry and metallic contents of a vein to the nature of the 
enclosing rock, vanishes on a careful scrutiny. It is not 
because of any peculiar chemical quality that limestone 
yields most lead-ore in Aldstone Moor, but because of its 
being a ropk which has retained openness of fissure. Grit- 
stones, in many mining fields near Aldstone Moor, are 
equally productive^ but shales, as being soil extensible 
layers, have closed up the fissures, and their, crumbling 
faces appear to have rejected the crystallizatidns which at- 
tached to the harder limestone, gritstone, and chert. 

If any doubt -could remain on this point, it is removed 
by the observations of Necker, Dufirenoy, Murchison, and 
others^ as to the real and evident dependence of mineral 
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districts, that is,^ districts where the rock fissures are full of 
valuable minerals, upon axes of distuifiance and ujiliftings 
of igneous rocks. In the Pyrenees, in Brittany, in Corn- 
wall, the Shelve district of Shropshire, Flintshire, Derby- 
shire, Yorkshire, Aldstone Moor, this important law is cer- 
tain. Whatever be the chemical nature of the rock adjoin- 
ing the dislocation or igneous rock, the productiveness of 
the veins is chiefly regulated rby its condition as to fissures. 
Limestone in Derbyshire, millstone-grit in Nidderdale, chert 
in Swaledale, basalt in Teesdale, coal near Bradford, and 
Richmond, all yield sulphuret of lead and various associat- 
ed sparry substances. 

Prevalence of Mineral Veins in Rocks of different Age. 
— As a general result, we cannot doubt of the far greater 
prevalence of mineral veins in the older than in the newer 
rocks. Not one case is known of a mineral vein being at 
any time worked in any part of the British islands above 
the new red sandstone. In the new red sandstone and 
magneuan limestone hardly more than slight traces of such 
products occur ; they are rare in our coal-tracts, but they 
become abundant in the mountain limestone and older 
stmta. But yet it is prol>able that this relation of mineral 
veins to the age of deposits k merely a consequence of the 
more general truth, that their origin is from below, tliat 
the fissures which they occupy, and the metallic and sparry 
matters which compose them, are more numerous near the 
igneous rocks which in so many instances form the axes of 
movement. It is not merely because of the antiquity of 
the Killas of Cornwall, but of its proximity to granite rocks, 
tliat it is so very metalliferous ; the limestone of Ireland, 
undisturbed by great axes of movement, is very little n^e- 
talliferous ; while the same rocks dislocated in Mendip, 
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Flintshire, Derbyshire, &c. yield many sorts of metals and 
Spars, in veins of different kinds. 

Thus, the most general point of view in which mineral 
veins present themselves, is that of dependence on proxi*- 
mity to the sources of subterranean heat. In the rocks 
nearest these sources they are most numerous and varied ; 
they abound near the disturbances which are con^uences 
of variation of internal heat ; and, in certain cases, (Pyre- 
nees, &c.), they are not rare even among newer strata 
where the subterranean igneous rocks have exerted a re- 
markable influence. 

DESICCATION OF THE ANCIENT BED OF THE SEA. 

The strata, with their organic contents, having been al- 
ready proved to have formed in succession the bed of the 
sea, and the far greater part of the surface of the globe 
even to great heights in the Andes and Himalaya, the Alps, 
Pyrenees, Caucasus, and other mountains, it follows that 
nearly the whole terrestrial surface of the globe was for- 
merly submerged, and has since been laid dry. The desic- 
cation of the land is a problem of fundamental importance 
in geology, influencing a multitude of secondary inquiries. 
If we might venture to suppose the quantity of water upon 
the globe variable, the land might be imagined to have risen 
above the ocean in consequence of the great abstraction of 
the latter ; but, in the first place, there appears no proba^ 
bility that such a supposition is admissible, even by bring- 
ing a comet in contact with the earth ; nor does it agree 
with the observed condition of the strata. For these by no 
means appear in such arrangements as to correspond with 
what we know of the character of a large part of the stra- 
tified bed of the sea. 
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Diimissing, then,>this notion, and restricting ourselTes 
to the conditions of sensible constancy in the quantity of 
water upon the globe, we find the problem of the desicca- 
tion of the bed of the sea reduce itself to the determination 
of the causes of the change of relative level of land and 
water. 

Such a change of relative level might happen in many 
ways, some with, others without, local changes in the form 
of the solid parts of the crust of the globe. To the last 
class may be referred variations of level arising fix>m change 
of temperature or alteration of the earth's axis of rotation. 
The former includes a variety of cases of subterranean move- 
ments. 

EFFECTS OF VARYING TEMPERATURE NEAR THE SURFACE 

OF THE GLOBE. 

Whatever be the constitution of the interior of the globe, 
a general change of temperature of the whole mass of land 
and water must of necessity alter the relative level of land 
and sea, because the ratios of expansion and contraction of 
the solid and liquid parts are unequal. Water changes its 
dimensions in a higher ratio to the difference of tempera- 
ture than the rocks of the crust of the globe ; hence a ge- 
neral cooling of the mass of the globe, or to a consider- 
able depth from the sur&ce, ought to cause the ocean to 
sink relatively to the land ; on the contrary, with any aug- 
mentation of temperature the ocean would rise upon the 
land. As sea-water contracts continually down to its freez- 
ing point, and the greater part of the ocean never freezes, 
we may, by assuming a probable mean depth, arrive at some 
useful results. If the mean depth of the ocean be taken 
at ten miles, which is probably too much, though nothing is 
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positively known^ and it be supposed to have cooled fiN>m a 
boiling heat to a mean temperature of 40^ F., its"change of 
volume would be about x^J^* The corresponding cubical 
contraction of the land^ suf^posing it to hove the rate of ex- 
pansion in glass, would be aboist i/if^- If the areasof thie 
sur&ces of land and sea were supposed nearly to contiBae 
in the same proportion, the whole cubical contractioii c^the 
land and water would operate in lowering liieir level 10 
X itiji — i/qv = 0,395 miles, relative lowering of water- 
level. But this cannot be admitted ; fer the slopes of the 
land into the sea, over a great paart of the globe, are very 
moderate. J£ the linear contiactian of the water alone be 
taken, and compared with that of the land, we have the 
lowering of the ocean s= 10 j^J^ — ^^^ = 0*132 mile 
= 697 feet. 

When we consider the gently sloping sur&ces of a large 
part of the land, we.shall see that the contraction of the area 
of the ocean would diminish its linear depression, and upon 
the whole we cannot doubt diat a fiill of 697 feet is much 
beyond the amount that could possibly happen if the whole 
ocean had cooled from a boiling temperature to 40° Fahr. 
But this difference of level is too small to account for the 
desiccation of more than a small portion of the suribce of 
the land ; the hypothesis mu^t therefore be abandoned as a 
general explanation, though hereafter it may be found of 
great importance in a more comprehensive theory. 

GENERAL CHANGE OF DIMENSIONS OF THE GLOBE. 

Let US now trace the effects of a general change of the 
dimensions of the globe on the rdbtive levd oi land and 
water. 

If we suppose the whole globe to undergo change of di- 

1 
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meosioQs by variation of heat, the effects already ascribed 
to variation of temperature in the exterior part would still 
take place ; but, in addition, would be complicated with an 
effect depending on the change of spherical area of the sur- 
face. In the ease of augmenting temperature of the whole 
globe, the water would rise upon the land, as explained in the 
last section, but its rise would be less in that case^ in conse- 
quence of its expansion over a larger area. If the expan- 
sion of the whole globe should go to such an extent as to 
change the diameter (D) into D X (Vl'039)» or from 7900 
to 805& miles, the fall of the ocean would equal the rise of it 
due to the unequal expansicm of land and water firom 40^ 
to 21 2^ 

It appears, tlien, that the desiccation of land is not an 
effect of the general cooling of the globe, without change 
of form, ^F the effect due to tiiat is Of a contrary descrip- 
tion ; nor of the unequal contraction by cooling of the su- 
perficial parts g£ the globe, for that effect, even through the 
whole range firom boiling heat (212^) to 40^ F. would be 
totally inadequate to account for the phenomenon, even if 
the depth of the ocean be supposed &x greater than it is 
admitted by astronomers to be. 

Of the great physical events to which such a change of 
level may be ascribed, sound reasoning excludes all that 
are exterior to our globe; none of its relations to the sun 
and planets, none of the changes of these relations, are of 
importance in the matter. The only leading event really 
influential on the pmnt, which we may imagme possible, 
though astronomers give no encoiuragement whatever to the 
admission of it as a basis of speculation, is a change of the 
position of the earth's aids. 

Up<»k the occurrence of such an event, there would evi- 
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dently be a new disposition of the ocean ; its waters would 
fhw from the new poles' tovrards the new equator, and smne 
ancient lands might thus be submerged, and extensive sur- 
fiu^es laid dry. 

The actual pdar dfcles ought to be land ; the equatorial 
zone should be deep sea. This want of agreement is re- 
markable ; and, when we add to it the consideration that 
the absolute fixity of the pole of rotation, in a spheroid of 
revolution such as the earth is known to be, is a point sup- 
posed to be proved, we shall fecfr the necessity of abandon- 
ing altogether the attempt to explain the desiccation of the 
land, by imagining general depression, or. partial abstrac- 
tions of the ocean, without local changes of form of the eur^ 
face of the globe, 

CHANOBS OF FORM OF TAB SURFACB OF THB GLOBE. 

Admitting such changes, the partial abstraction of die 
ocean may be viewed as a natural consequence, and the 
surface of the land may be studied, for the purpose of dis- 
covering the points of depression and elevation. We are 
thus brought back again to the observation of local pheno- 
mena, and may proceed by induction. 

It is undoubtedly certain, by a large induction of exam- 
ples derived from various geological periods, that mountain 
ranges and tracts of plain coimtry have been raised by local 
elevatory forces. Anticlinal axes, parallel and rectangu- 
lated faults, are of a nature to prove the truth of this view. 
By such means, large breadths of land have been influen- 
ced, near and at considerable breadths from the axis of ele- 
vation. It further appears that still larger tracts of land, 
where no such evidence of violent and convulsive disrup- 
tion of the strata occurs, must be supposed to have been 
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gently and gradually lifted by an intumescence or expan- 
sion of the surface, depending on a continuous and very 
extensive subterranean agency. Thus, after the eleyatibn 
of the Snowdonian chain, and the ridges of the Silurian 
system, — after the Malvern and Abberley elevations, — ^the 
whole plain of the midland counties has experienced one 
general upward movement of a few hundred feet. Thus, 
the ancient vale of Eden has been raised since the rising 
of the Penine chain ; and with it the whole area of the red 
sandstone round the Solwa]^ Frith, after the relative uplift- 
ing of the Lammermuir Hills. Instances of this double 
movement in the same physical region are almost universal. 

That the elevation of the crust of the globe in one part 
was accompanied by depression in other parts, is extreme* 
]y probable ; but wie cannot offer satisfactory proof from 
observation of more than local subsidences, and these gene*- 
rally complicated with subsequent elevations. The best 
case of such fluctuations known, is perhaps that of the emer* 
sion, submersion, and re-emersion of the Portlaoid oolites, 
as indicated by the dirt-beds. 

It is, of course, in the sea that we are to look for effects 
of subsidences, as the land gives those of elevation. To 
whatever extent we suppose 'such subsidences to have hap- 
pened, and the level of the sea to have been thereby lower- 
ed, the phenomena indicative of a real elevation of the land 
are not less conclusive. This is a matter of calculation. 

From Mr Hopkins's researches, it appears that the ele- 
vatory agency was of the nature of a gradually augmenting 
force, very extensive compared to the areas simultaneous- 
ly disturbed. No example of modem earthquakes can be 
brought to render it probable, that mere volcanic agency 
could upraise the continents which it is capable of shaking. 

A a 
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Yety as fiir SB we see, a more power&l exertion of the same 
kind of agency mi^t perform the effects; the prindple of 
this and every other explanation being the necessity of a 
new adjustment of the exterior form and 'dimensions of the 
globe, in consequence of accumuiating tension upon it. 

But i^ for a moment, we abstract our attention from 
these limited derelopments 6£ the energies of heat, and 
eonsider the elevatory action below continents and islands 
as the local resultant of diffused subterranean forces, it 
appears possible to arrive at a more general and equally ap- 
plicable theory. If, as- observations appear to indicate, the 
ocean once covered all or a large part of the globe, its 
mean depth must formerly have been less than at present : 
since the inequalities of the land arise from subterranean 
convulsions, and the bed of the sea is very irregular, we 
may* admit that the whole or nearly the whole of the teira- 
queous area has been affected by local displacements. It 
is the resistance ofiered by the consolidated crust of the 
globe to a gradually augmenting change of interned dimen" 
sionSf which caused the disturbing movements. We may 
therefore allow, that, before the production of a consolida- 
ted crust of the globe, the ocean (if it existed in a liquid 
form) was spread with considerable uniformity over the 
spherical surface. 

From these postulates it must follow, that the actual bed 
of die sea has been formed by displacements, which, upon 
the whole, have caused a real subsidence ; as the displace- 
ments of the land have, upon the whole, caused a realjsle- 
vation of it. And our confidence in the assumed condi- 
tion is augmented by observing, first, that they are alLim- 
plied in the inferences from phenomena already .adopted, 
and that they agree with the sentiment of astronomers as 
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to the relation of the depths of the sea to the heights of 
the land. 

REFRIGERATION OF THE GLOBE. 

In endeavouring to embrace the phenomena of elevation 
and subsidence in one point of view, it appears almost im- 
material whether we suppose the tension of the consolidated 
crust of the globe, which preceded its fracture and displace- 
ment, to have arisen from inward or from outward pressure, 
— ^from expansion of, or contraction upon, the interior nu- 
deus,— because, in each case, the pressure would be of 
the general and gradually accumulating description requi- 
red ; but it seems an unavoidable condition thcU the inte^ 
rior nucleus should be of a yielding nature^ to permit the 
subsidence of large portions of the surface, and accommo- 
date itself permanently to the elevations. This condition 
leads us to the supposition of great interior heat, which, 
irom general physical considerations, had before appeared 
very probable, and, from experimental researches, almost a 
matter of certainty. 

If then, finally, we regard this heat as variable, — and, 
placed as the hot globe is in the vast cold regions of space, 
through which it radiates its uncompensated rays, it must 
be so-— the globe must be growing cooler — ^we have at once 
the general physical cause of the phenomena of disruption 
and displacement on the crust of the globe, viz. a collapse 
of this crust tgfMm the internal nucleus slowly contracted by 
refrigeratioH. 

That this is the just inference from the principal laws of 
phenomena known in geology, we have no doubt ; and we 
think it is firee firom any considerable objection. An ob- 
vious and plausible one is this : If the diameter of the globe 
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be contracting through refrigeration, the length of the day, 
as compared to the length of the year, should vary and 
grow less continually (the particles, which have a certain rota- 
tory velocity, subsiding to describe circles of shorter radius). 
To which the answer is immediate and satisfactory, viz. 
that it is true, that, since the days of Hipparchus, the space 
of two thousand years has shewn no such variation ; but 
that the conduction of heat through the consolidated crust 
of the globe is known to be so slow as to render that a very 
short period for the experiment; and further, that the crust 
does necessarily notfMow in its contraction untformfy on 
that of the nucleus, but is for a long time in a state of ten- 
sion, and is at last forced to accommodate itself to new di- 
mensions by a coUapse* 

• In corroboration of tiie doctrine of a cooling globe^ we 
might here quote the phenomena of ancient organic life, 
which certainly agree with it, so far as to shew that vege- 
tation of a tropical character, corals, and other zoophyta, 
crocodiles, and other reptiles analogous to the animals of 
hot climates, formerly inhabited the land and sea near the 
polar circles ; and indicate that the sur&ce of these sow 
cold zones was then of a temperature explicable only by a 
greater heating influence communicated from within the 
earth. 

The most complete test of this theory would doubtless 
be the deduction of phenomena from it : but .this, in the 
present state of knowledge of the disturbed stratification of 
the globe, and other associated circumstances, cannot be 
usefully attempted, unless in the very general eiq)ression8 
of Leibnitz, who, afler enumerating the leading features of 
the changes supposed to be effected in and on the cooling 
globe by Are and water, states its present condition as one 
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of less unstable equilibriuin, — '' Donee, quiescentibus causis 
atque aequilibratis, consistentior emergeret rerum status.** ' 

SUCCESSION OF ORGANIC LIFB ON THE GLOBE. 

Man, placed at the head of the last great system of or- 
ganic life which has been created on the globe, finds innu- 
merable monuments of more ancient systems of being, fit- 
ted to earlier conditions of the planet be inhabits. Guided 
by the prindple of adaptation of organic life to physical 
conditions, which, at every point of the earth and sea, is 
found now to obtain, and which, were it not discoverable 
by observation, might be surely inferred from the wisdom 
and general beneficence of creation, human reason is capa- 
ble, to a considerable degree, of penetrating within the 
mysterious veil of antiquity, and restoring the terraqueous 
conditions of many former periods. Yet, as the perspec- 
tive of long past time lengthens, the clearness of the pic- 
ture fades away, and the dim and doubtful light disappoints 
our further scrutiny. Among the subjects which it is pos- 
sible partially to illustrate by this investigation, are the re- 
lation of former systems of organization to that which is 
contemporaneous with the human race,—- the relations of 
these one to another, — ^the creation of the several classes of 
animals, with reference to their place in the economy of 
creation. 

The reltUion of former systems of organic life to that 
which is in activity around us, is of a peculiar description, 
fiill of general agreement and innumerable differences. The 
system of organic life, is perhaps, properly speaking, one 
from the earliest epoch to the present hour ; for all fossil 
organization is reducible to the leading divisions of modem 

* See Conybeare, Heport an Geohffy to SHH^ AnockUhrh 1832. 
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nature : and it is this only which allows us to include the 
existing animab and plants of distant regions as parts of 
one general arrangement. Fossil, as weU as recent, plants 
are agsunous, cryptogamous, or plianerogamoos ; the same 
leading divimons of zoophyta, mollusca, Crustacea, — many 
of the same sections of fishes and reptiles, as those which 
we now behold, — occur in various ancient series of strad- 
fied rocks; and this is as much as can be said -for the unity 
of the existing creation, dismembered as it is in different 
and distant lands and seas. 

But when we come to examine minutely the degree of 
similitude among the correlative parts of those systems, 
great discrepancies appear. Groups and fiunilies of animab 
now hardly known, or very limited in number, appear pre- 
dominant in several ancient strata; as, for instance, the 
brachiopodous and cephalqxxlous mollusca, large sections 
of radiaria, particular tribes of Crustacea, polyparia, &c. 
Others, which contain but a few small species in the pre- 
sent economy of nature, are found to have numbered many 
and gigantic forms in older nature (as the saurian races, 
salamanders, &c.) : the same is true with reqpect to the 
vegetable world. 

The general result of the whole investigation may be 
thus expressed and paralleled. The organic forms infoed- 
ded in the earth exhibit less and still less agreement with 
those of existing races, in proportion as they belong to pe- 
riods further removed from the present: just as, in modemna- 
ture, the differences between the productions of one country 
and another are, in several instances, distinctly proportioned 
to the distance between them ; and just as, in the present 
system of nature, we see a mixture of agreements and de- 
ferences between the productions of even remote r^k)ns ; 
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SO, on comparmg fossil and living tribes, the differences are 
found modified by various agreements. Extinct genera, 
as producta and spirifera, lie buried with existing genera, 
as lingula and terebratula, in the ancient moimtain lime- 
stone. Ammonites, hamites, and belemnites, and other 
perished forms of life, are mingled, in the chalk, with nau- 
tili, pectens, and echinodermata, congenerous with those 
now in the sea. So with regard to plants. Extinct lepi- 
dodendra and stigmaris lie confused with forms extreme- 
ly analogous to existing tribes ; and crocodiles, like the 
modem gavial, lived in waters the same or neighbouring to 
those which nourished the ichthyosaurus, plesiosaurus, and 
the other almost fabulous monsters of the reptile class. 

From these, and a thousand other concurring facts, we 
venture to present the following conclusion. The organic 
remains of the different stratified rocks are those of crea- 
tures suited to the then conditions of the land and sea re- 
spectively ; and because those conditions had some general 
features of agreement with what we now behold, a resem- 
blance to this extent obtains between the fossil and recent 
creations; but, because of the numerous differences in 
physical condition, all the details of the organizations dif- 
fer ; and this disagreement is unequal in the different races, 
because of original inequalities, or their capability of ac-' 
commodating themselves to new circumstances. This law 
appears also to be true in the present economy of crea- 
tion. 

On comparing the different systems of strata one with 
another, and with the present scheme of creation, the same 
law holds ; and we find, in addition, the differences between 
the organic contents of one system and another, to be in 
proportion to the interval of geological time elapsed be- 
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tween them. Thus the fossils ef the silurian system may 
be said to differ from those of tlie mowitain limestone spe- 
cifically, — ^from the oolitic system generically, — ^from the 
tertiary system, even by whole groups and section^ of ani- 
mal forms. This dependence on time, however, is a co- 
incidence merely, as the analogy of fossils in rocks of ana- 
logous composition though different age, is sufficient to 
prove ; the real dependence is on the change of physical 
conditions f produced during the lapse oftime. 

The present creation, and all the former effects of the 
Divine will, exhibits a series of beings destined to perform 
unequal parts in the economy of nature. Some, as plants, 
are almost passive ; others, as animals, perform the func- 
tions of active life. Man reasons, — ^inferior animals obey 
their instincts. Thus arises a peculiar scale of organiza^ 
tion, in which the places of the different living tribes may 
be marked, with reference to their supposed degree of im- 
portance or excellence ; and the races of the animal king- 
dom, in particular, are said to be of higher or lower grade, 
in proportion to the complexity of their organization, and 
the variety of their sensations and actions. What is the 
(Mrder of succession of these beings thus reckoned to be in- 
ferior and superior ? Is the earliest organization known to 
us, remarkably inferior in complexity to that we now be* 
hold ? These questions have been frequently proposed, and 
sometimes answered by an erroneous assertion instead of 
candid and impartial investigation. The most popular no- 
tion appears to be, that as man is undoubtedly the highest 
type of the last creation of animal life, all the former ones 
should be viewed as gradually ascending step by step from 
the inferior tribes towards the point of ultimate perfec- 
tion ; that the several classes of animals, in the ratio of 
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their rank in creation^ should successively appear ; the in- 
ferior order of ibrms being found in. the lowest aiid most 
iindent order of strata. 

There is some truth in this. MoUusca occur in the 
lowest of all the systems of 'fossiliferous strata (Snowdon) ; 
zoophyta, raollusca, Crustacea, abound in all. those above 
the lower series* Fishes appear in the 8ilurian> rocks.; rep* 
tiles in the red sandstone ; bird3 in the oolites ; oetaceat 
mammalia, &c., in the supracretaceous beds. But on look- 
ing carefully into the matter, it is found capable of a dif- 
ferent construction. The fossils are mostly of marine ori- 
gin ; hence the rarity of insects, birds, and mammalia. On 
the bed of a modem lake, how few bones remain to inform 
us of the ancient finny inhabitants. The rarity ^ of such 
remains is remarkable among all the strata, not excepting 
even the lias ; and yet we find, in the Silurian rocks near 
Ludlow, a whole bed of fish-bones and scales, just as in 
the lias of Westbury. (Mr Lewis of Aymestry .) The order 
of occurrence of vertebral reliquiae is generally fishes, rep- 
tiles, birds, and mammalia ; yet the occurrence of one ge- 
nus of didelphoid quadrupeds in the oolite of Stonesfield, 
is a formidable exception ; and the general absence of all 
land animals from the marine strata, offers an escf^ to those 
who totally deny this successive production of the classes of 
animals, according to their grade of organization. 

Neither is the order of occurrence of marine reliquiae 
such as to afford much countenance to the notion of gradual 
improvement in organic life. The classes of mollusca are 
more ancient' than those of zoophyta, if we trust our pre- 
sent knowledge, and both older than marine or land plants, 
seeming paradox, since the pre-existence of vegetables 

Bb 



290 SUCCESSION OF OB6ANIC LIFE ON THE GLOBE* 

seems capable of being sustained by strong arguments 
(brawn from the relations of animal and vegetable life. 

But we may contemplate the question as to the gradual 
improvement of animal organization in another point of 
view. Instead of comparing class to class, let us compare 
those of one group but different geological age. The bi- 
valve mollusca of the oldest Snowdonian rocks were cer- 
tainly as complicated, nay, more highly organized than the 
greater number of conchifera of the present ocean, since 
they belong to the brachiopoda. The Crustacea of the Silu- 
rian system were at least as curiously organized as the li- 
muli of the North American coasts. The goniatites of the 
mountain limestone are &r more curiously constructed 
than the nautili which lie with them, and also inhabit 
modern oceans. The belemnites and ammonites, turrilites 
and other extinct genera of the oolite and chalk, reveal to 
us an extinct order of cephalopoda, larger, more powerful, 
and more curiously organized, than existing loligines and 
sepise. 

It is evident, therefore,' that the whole notion of a gra- 
dual amelioration or enrichment of the animal organization 
may be dismissed as a mere illusion of the fancy of a finite 
being, who vainly transfers to the work of the Almighty 
the pattern of his own limited labours. 

The systems of organic life have always been adjusted 
to the actual conditions of the land and sea. When water 
covered the globe, life was marine ; as land arose, and new 
conditions supervened, terrestrial life was created; old 
races died away ; with new circumstances, new creations 
were called into being to supply their place ; and at length 
the physical revolutions of the globe brought that wonder* 
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fid variety of external circumstances to which organic life 
is at this day adjusted. 

Thus a perpetual stimulus is afforded to man, the last 
great creation of Divine power, to study the works of his 
Maker, and through them to receive proofs ^' strong as Holy 
Writ" of the long-enduring providence of the Almighty, 
whose appointed plans the permitted violence of the phy- 
sical agencies of nature, amidst all their irregularities, ex- 
actly fulfil ; and whose care, now so manifest for his hu- 
man creatures, has never been withhdd from the meaner 
forms of every age since the time when the earth became 
tenanted by beings capable of enjoying their own exist- 
ence. 

GEOLOGICAL TIME. 

The chronology adopted by geologists is liable to an in- 
herent uncertainty or indefiniteness, quite different in its 
nature from the sources of error in ancient history. In 
the history of human affairs, the whole period which chas- 
ed between the two epochs chosen as limits is known or 
supposed to be so ; but the intervening occurrences cannot 
often be correctly placed in their true succession. In geo- 
logy, on the contrary, the whole period included between 
the limits is, and perhaps must ever be, absolutely im- 
known ; yet the succession of occurrences is, in general, 
clearly ascertained. Again, it frequently happens, that 
the histories of different nations have no common features 
for very long periods, but remain insulated. This defect 
is less sensible in geology ; for some of the monuments of 
contemporaneous physical conditions of the globe are very 
widely diffused. 

The true scale of geological chronology is that of the 

1 
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strfttified rock& According to the view prc^viously advo- 
cated, the several systems of strata mark periods morq or 
less exactly definable; the last, or supratertiary period, 
whidi desc^ids to the present era of th^ globe> being, as 
yety one of the least defined in its limits. 

It has been ahready explained that historical time, com- 
mencing with the human race, is not yet united to geolO" 
gical time. Whenever the exact place of the creatiou of 
man, on the scale of geol<^cal phenomena, can be fixed^ 
and the two scales continuously united, we may be able to 
advance, without certainty of utter failure, to the consi- 
deration of the problem lately proposed for a pri^ essay 
by the Royal Society of London, viz. the translation of 
geological into astronomical periods. 

At present the chronology of the globe, starting from 
the origin of the stratified rocks, and including the whole 
series of successions of organic beings, and all the convul- 
sive disturbances of the cooled and consolidated crust, re- 
cognises many successive periods of unknown duration. 
Neither does it appear possible to know their duration, or 
even the limits of error within which they fall. How, 
then, it may be asked, do geologists justify their confident 
assertions of the very great antiquity of particular rocks as 
compared with the few thousand years of history ? To this 
the reply is simple. Many of the ancient stratified rocks 
were formed in the sea by processes perfectly similar to 
those which go on at this day; and, in some cases, we 
may believe not at all more rapid in their effects. The 
laminated sandstones often mark what appears to be the 
ripple of a gentle tide, and the successive deposits of agi- 
tated water ; the shelly limestones sometimes prove very 
slow deposition of even a single layer of calcareous rock ; the 
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alternation of igneous and sedimentary rocks gives us the 
similitude of volcanic submarine eruptions. Now, if we 
compare with the sedimentary strata of any particular 
period the most similar products of the present day, — ^the 
new land on the* Adriatic,-^the filling up of the Nile Val- 
ley, — ^the shallowing of the Bay of Bengal, — ^we shall be 
impressed with the necessity of allowing a long period for 
the production of a single stratified formation. 

Again, if we recollect, that during these periods many 
creations of new and destructions of old races of animals 
and plants happened, — and tiiat, ever since the records of 
human art, the'eiqbalmed body or sculptured effigies, have 
given the means of judgment, no change has happened to 
modem races ; that two or three thousand years have not 
changed the forms of animals knowii to the eatly Egyp- 
tians; we shall see the impropriety of imagining such 
changes to have been of quick Succession in the earlier 
eras of nature. 

And when we behold conglomerate rocks which hold 
fragments of other earlier deposits, and, in these fragments, 
the organic remains of still earlier periods which had al- 
ready undergone their peculiar mineral changes ; when we 
collect the history of such an organic form,--^it8 existence 
in the sea, — ^its sepulture in a vast oceanic deposit of lime- 
stone, or in a littoral aggregation of sandstone, — ^the indura^ 
tion of this rock, — ^its uplifting by subterranean forces, — 
the rolling of it to pebbles, — ^the reunion of them in a to- 
tally different kind of substance, — ^it is evident that no 
grei^r folly can be committed than to think to serve the 
cause of truth by contracting the long periods of geology 
into the compass of a few thousand years. 

The task of reducing these long periods to any definite 
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scale, 18 at present entirely hopeless. Three possible modes 
seem open to us ; but we cannot advance a step in any one 
of these> without immediate aid from visionary and delusive 
guides. 

1. Could we know the rate of secular refrigeration of 
the globe, either from general physical considerations, or a 
summation of the efiects of convulsive movements, a basis 
of inquiry would be established. But who will dare to at- 
tempt the solution of such a problem ? 

2. Could we know the mean or extreme rate of produc- 
tion of stratified deposits at the present day, this would en- 
able us to conjecture the lengths of some geological periods, 
and with double hazard refer others to this conjectural 
scale ; but even this unsatisfactory estimate would be Hable 
to the further and fatal error of not knowing the ratio of 
the forces in the different pmods. To assume tlus ratio 
is only to augment in a still higher degree the amount of 
improbability. 

,3. Perhaps the safest, certainly the most alluring, of the 
three methods which geology may follow in this daik re- 
search, is that which is founded on a strict scrutiny of the 
history of organic remains. The Ufe of animals and plants 
is a phenomenon distinctly related to annual periods ; and, 
for some systems of strata, as for example the tertiary, the re- 
semblance of specific forms is enough, the great number of 
coincidences being considered, to authorize deductions as 
to the length of life of fossil and recent species of marine 
moUusca. But here the want of knowledge is utterly &tal. 
Who can tell us the average term of life of marine mollus- 
cous animals, sufficiently comparable with tertiary shells, to 
form a basis of good reasoning ? 

It is evident that we have no knowledge capable of be- 
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ing employed, in the magnificent problem of the age of the 
crust of the globe, at all equal to the difficulty which meets 
us on the very threshold. Until the constants of nature 
which relate to the dependence of organic or inorganic 
phenomena on annual periods be known, the determination 
of the antiquity of any of the marine stratified rocks must 
be despaired of. 

GENERAL RESULT. 

We have thus briefly presented some fundamental in- 
ferences which must be embodied in any rational theory of 
geology. 

To combine these and other sound inferences is the true 
business of theory : it ought not yet to be attempted, for 
though the notion of a slow decrease of the heat of the 
globe being the primary law of causation, is perhaps con- 
tinually forcing itself on the attention of geologists, as well 
calculated to account for the consolidation, disruption, and 
irregularity of elevation of the crust of the globe, and al- 
most necessary to explain its actual condition of sensible 
equilibrium ; though it is inconsistent with no astronomi- 
cal, mechanical, or chemical truth, and meets without dif- 
ficulty the problems suggested to zoology and botany by 
the monuments of ancient organic life, still the develop- 
ment of this truly general theory requires a far more exact 
survey of the structure of the globe, and a far more inti- 
mate acquaintance with the effects of modern terraqueous 
agencies than we now possess. 
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